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OrCAD presents 
Release 


Back 
Annotste 


Disk 
Utilities) 


Plot 
Schematic 


The limits are gone 


OrCAD has introduced the greatest product 
upgrade in its history. Memory limits, design 
restrictions, even boundaries between products 
are all disappearing. 


For years, OrCAD’s competitors have been play- 
ing a game of catch-up. With the introduction of 
Release IV, the race is over. No one will match 
our price/performance ratio on these features: 


e Schematic Parts Library has been increased to 
over 20,000 unique library parts 


e Digital Simulation process has been speeded 
up by an order of magnitude 


e Printed Circuit Board Layout package offers 
autoplacement and autorouting at no extra 
charge 


e Expanded memory capabilities 


Best of all, OrCAD introduces ESP 


ESP is a graphical environment designed specifi- 
cally for the electronic designer. Software tools 
appropriate for different stages in the design 
process are now linked together to form a seam- 
less flow of information. This easy-to-use frame- 
work relieves the designer of time consuming 
tasks and the inconvenience of moving from one 
tool set to another. You can now spend more 
time productively designing. 


For more information. . . 


You need to know more about Release IV and all 
of the benefits OrCAD has to offer. Call the tele- 
phone number below and we'll send you a free 
demonstration disk. 


More designs from more designers 


For more information, call (503) 690-9881 


or write to OrCAD Sales Department, 3175 N.W. Aloclek Drive, Hillsboro, Oregon, 97124 
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Prem’s International Series of PC power Trans- Send for our catalog today! 
formers are usable almost anywhere. Approvals ® 
include: DPI vi 

UL #114, #478, #1950, #1446 and #1585 Class II 


IEC #380, #435, #950 MAGNETICS, 
oe #0805, #0806 INCORPORATED 
SA 22.2 No. 66 i 
3521 North Chapel Hill Road 
GOST(U:S.S.R.) McHenry, IL 60050 
All this at no additional charge. We need only one Phone (815) 385-2700 
more approval—yours! FAX: (815) 385-8578 
Where quality really counts! 


For immediate technical data, you can find our catalog in EEM, Vol. A. Or call us! 
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t in the Columbia River? 


It worked without a snag. 


This is a story about the one 
that got away. And then came 
back as reliably as ever. 


In 1987, bandits stole four HP 
signal generators from a truck 
in Spokane, Washington. Luckily, 
police managed to recover three 
of them. But the last one disap- 
peared without a trace. 


Six months later, a man fishing 
the Columbia River hauled in 

a heavy metal box. Well, within 
a few days, we had the missing 
signal generator back. There was 
mud in every nook and cranny. 


But rather than clean this catch, 
one of our Service Engineers 
decided to plug it in. To his sur- 
prise, the instrument emitted 

a signal. Even more remarkable, 
it met specifications. 


Stories like this underscore why 
HP rates highest for reliability 
among engineering managers. 
Were still not satisfied. In fact, 
in 1979 we started a Total Quality 
Control program to increase qual- 
ity ten-fold in 10 years. We'll 
reach that goal this year. 


It just goes to show you that 
when design and manufacturing 
productivity are at stake, there 
is no reliable substitute for HP. 
And that sometimes the best 
fish stories are actually true. 


There is a better way. 


© Baccano 
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COVER 39 CHIPS RENDER WORKSTATION GRAPHICS INEXPENSIVELY 
FEATURE multichip set lets designers build high-performance 2D or 3D graphics 
subsystems that draw up to 1 million vectors/s. 


eekenteaa 47 FAX MODEM CHIPS BRING DATACOM TO LAPTOPS 


With built-in faxes becoming commonplace in desktops, the focus now turns 
to portable PCs. 


DESIGN 57 ARCHITECTURAL MODELS ARE KEY TO SYSTEM-LEVEL DESIGN 
APPLICATIONS {50 the top-down method when designing complex systems by using larger 
behavioral building blocks. 


PRODUCT 132 RISC PLATFORMS IRON OUT PRICE/PERFORMANCE KINKS 
INNOVATION p,-ocision-architecture workstations excel at computational power, graphics, 
networking, and cost-effectiveness. 
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14 GUEST EDITORIAL 


18 TECHNOLOGY BRIEFING 
ISPSD: SOI, IGBTs A-OK for PICs 


23 TECHNOLOGY NEWSLETTER 

e High-temp process makes super- 
conductors 

e EDAC stresses the benefits of 
standards 


e SBus backed as expansion 
standard 

e Tiny 20-pin package shrinks 
circuitry 

e Analog pe-board package does 
front-to-back design 

e Texas Instruments joins multichip 
team 


e High-energy suppressor protects 
circuitry 


e Build STD 32 boards for less 


e Optical clock pushes computer 
speeds 


e VLSI design tools spun out as sepa- 
rate firm 


31 TECHNOLOGY ADVANCES 

e Pinless land-grid-array socket 
houses 80386SL microprocessor 

e Superconducting thin films boost 
microwave resonator Qs up to 40 
times 


¢ Software aids propel development 
of 8088/86-based PC ina PGA 
package 


Certificate of Merit 
Winner, 1988 

Jesse H. Neal Editorial 
Achievement Awards 


Cover: Bob Moyer 
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PIPS SPECIAL EDITORIAL SECTION 


73 Suppress EMI/RFI from the 
ground up 


89 How to recognize a good conduc- 
tor crimp 


94 Connectors 

103 Packaging 

109 Power 

110 Passives 

111 Switches 

112 New Literature 


117 IDEAS FOR DESIGN 
e Get negative rail using CMOS 
gates 


e Spice2 models BJT breakdown 


e Capacitor permits higher slew 
rates 


123 QUICK LOOK 

e Time-to-market: getting people 
involved 

e Low-cost speech synthesis for PCs 


e Digital signal processors show vig- 
orous growth 


e Bringing engineers up to speed on 
automation 


129 PEASE PORRIDGE 
Bob’s Mailbox 


NEW PRODUCTS 

138 Computer-Aided Engineering 
Framework aids concurrent engi- 
neering with configuration 
management 


140 Software 
144 Digital ICs 
147 Packaging & Production 


148 INDEX OF ADVERTISERS 
153 READER SERVICE CARD 
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e First details on a new scheme for 
setting voltage references 


e How to achieve maximum band- 
width from today’s fast op amps 


e What’s new at Electro: Technical 
sessions and products 


e Special Section: Designer’s Guide 
to printed-circuit board layout soft- 
ware 


e Simulate transmission-line effects 
in high-speed pe boards 

e High-resolution converters boost 
dynamic range 

e PLUS: 

Pease Porridge 

Ideas for Design 

Technology Advances 


ELECTRONIC DESIGN (USPS 172-080; ISSN 0013-4872) 
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All logic analyzers ive yOu 
integrated state and timing, 
sooner or later. 


Why not now? Philips these analyzers simple to 
Introducing the new Philips PM 3580 ; learn and use. 

family of logic analyzers from Fluke: the Probing: = Plus, the pop-up 

first instrument architecture to give you Channels used 4 menus and keyboard short- 

state and timing together on each channel— (iia pe ss eS ee cuts guide you quickly 

with a single probe. Setups through setup and data analy- 
Cond the probe to your board for uucr ASC : sis. No ae if you use it q 

state and you're automatically hooked up ae mA No 0, OF es, every day or once a year. 

for timing. Or vice versa. Stewart lcandition “Ir What’s more, captur- 
This means no more dual probing — — oan duapetpin i — ing an elusive bug has never 

apain anytime and the source of loading as been easier with eight unre- 


problems—and no reconfiguration zr antG tt demultiplexing CSF stricted trigger levels that let 
between state and timing. Which makes 2)De-multiplexing requires double probing and only nine high-speedchannelsonbasicunit_ | you select from state and 
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Why not sooner? 


in 30 minutes or less. 

We'll even bring the stopwatch so 
you can time us. And you can keep it to 
time the competition. 


timing trigger conditions on each level. 

But being simple doesn’t mean sim- 
plistic. Basic performance of the PM 3580 
family ranges from 32 to 96 channels, each 
with 50 MHz state and up to 200 MHz 
timing, plus 3 nanosecond glitch capture 
and 2K of memory per channel. For 8-, 16- 
and 32-bit processors. 

And you get all this for nearly half 
the cost of comparable analyzers. 

We'd like to send you a video. Or 
show you how to make state and timing 
measurements at your workplace— 


So call us today at 1-800-44-FLUKE. 
Ask for extension 720. 

Because sooner is better. 
John Fluke Mfg. Co., Inc., P.O. Box 9090, M/S 2500, Everett, WA 


98206-9090. U.S. (206) 356-5400. Canada (416) 890-7600. Other 
countries: (206) 356-5500. © 1990. All rights reserved. Ad No. 00001. 


FAST ANSWERS. 


FLUKE. 
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New “1210” 


Surface Mount Inductors 


Surface mount inductors available from .01 »H through 220 ,H in 53 values. 


® Internally welded connections 

= Precise dimensions permit automatic 
insertion 

= Excellent flow soldering terminal strength 

= Solderability per MIL STD 202 Method 
208 


ati J.W. Miller Division 


BELL INDUSTRIES 


= Operating temperature range: — 20°C to 
+ 100°C 

= Shock and pressure resistant 

= Positive value identification with laser 
marking 

= Epoxy resin encapsulation...Ferrite core 
... Tinned copper terminals 


Catalog on request. 


44 306 E. Alondra Blvd. = Gardena, CA 90247 » (213) 537-5200 = FAX (213) 631-4217 
~~ Since 1924, leading manufacturer of standard and custom inductors. 
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For The Health Of Your 
Monitoring Systems, 
Burr-Brown Prescribes 
PWR13XX. 


The DIP DC/DC Converter 
For Ultra High Isolation: 4000V. 


Medical grade isolation is yours with a 
dose of 1.5 watts of unregulated output 
power from the PWR13XxX. Its dual-in-line 
package uses only 1 inch? of PC Board 
space and comes in low prices that are 
easy to swallow. 

Use as needed for applications where 
system integrity and reliability are critical. 
No external parts required. 

Contact your salesperson for quick delivery . 


CALL 1-800-548-6132 ext. 532 


Fax 1-602-741-3895 


Write P.O. Box 11400 - Tucson, Arizona 85734 


BURR-BROWN® 


Your Partner in Quality 
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To put VGA graphics on your mother- internal FIFOs, This full 16-bit 
board, you need a cost-efficient, highly and page mode P 
integrated, powerful solution that uses DRAM access. oe oe td 
minimal board space. You need the new And it will implement 16-bit or 
CL-GD5320 Enhanced VGA-Compatible interface to 8-bit VGA capabilities 
Graphics Chip from Cirrus Logic. both analog 

Use it to incorporate full 16-bit or 8-bit  (PS/2 and multi- on your motherboard 
VGA into low-cost personal computers. sync) and TTL monitors. with as few as 5 
You only need two industry standard You can also pick a ready-to-use solution other chips and two 
256K x 4 DRAMs and as few as five other that’s right for you. Anything from a chip 
ICs. Whatever memory speed you select— with full BIOS, drivers, utilities, user’s manual, 256K x 4 DRAMs. 
80ns, 100ns, or 120ns — you'll get a and documentation — to a complete manu- Get a complete 
complete VGA display system with greater facturing kit including everything you need 
performance than systems using a more to quickly move into high-volume production. solution that saves 
expensive solution with 64K x 4 DRAMs. Make your PC more competitive and time, space, power, 

You don’t sacrifice features. You get save time, space, and money. Call Cirrus bre expence. You Stil | 
16-bit and 8-bit support for the VGA Logic today. ies | 
a ms os ay vem othe [Get on board. Call today for more information | ‘aaa ape x 
backwards compatibility. For maximum | dhevbaand VCAcal | features and flexibility 
performance, it has an 8/16-bit CPU inter- Se pe solutions. 


|_Call 1-800-952-6300._Ask for dept. LM32. __| you're looking for. 


face, independent video and DRAM clocks, 


—— Ee 
a RCE, 
SS | 
=> CIRRUS LOGIC 
7 & I <G >» LUC il t. 
S L O S | N G T H E G A P 
©1990 Cirrus Logic, Inc., 3100 West Warren Avenue, Fremont, CA 94538 (415) 623-8300; Japan: 462-76-0601; Singapore: 65-3532122; Taiwan: 2-718-4533/4534; West Germany: 81-52-2030/6203 


Cirrus Logic, and the Cirrus Logic logo are trademarks of Cirrus Logic, Inc. All other trademarks are registered to their respective companies 


Because Speed 
Wel Stop 


Fastest High Density 
CMOS PLDs 
At 15ns 


PALCEI6V8H-10 


ay ow 


Fast Universal 
CMOS PLD Family 
AtlOns 


is Everything, 
At Nothing. 


PALIGLE-4 24 


Fastest TTL 
Bipolar PLD 
At 4.5ns 
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Whatever kind of PLD you need, 
the fastest comes from AMD. 


Wed love it if all our work amounted to “zero” As in 
zero delay. And were not far off. 

Not surprising—because AMD invented the PAL" 
device. That's why we know programmables better. 
And offer you the most choices of the best devices. 

Say you want speed, but can't sacrifice density. 
Don't. Use our new MACH™ products (Macro Array 
CMOS High-density) that give you up to 3600 
gates and I5ns performance. They're two to three 
times faster than the competition and cost 40% less. 

For more speed, along with low power consump- 
tion, try our new 10- and 15-nanosecond CMOS 
PLDs. Use our 16V8-10s and 20V8-10s anywhere 
you'd use a GAL* device. Or choose the ever- 
popular AMD-invented 22V10, at 15ns. 

Faster still are our seventh generation bipolar 
PAL devices. Complete families of 16L8-5s, 20L8-5s, 
and the 22V10-10s. And for real speed freaks, we're 
now shipping a 4.5ns bipolar PAL device—the 
world's fastest TTL programmable logic. 

Along with all this speed, we're providing 
equally fast delivery. In quantity. In fact, we deliver 
more programmable logic devices than all our 
competitors combined. 

For details, call AMD now at 1-800-222-9323. 
And let nothing stand between you and your need 


for speed. 
cl 


Advanced Micro Devices 


901 Thompson Place, PO. Box 3453, Sunnyvale,CA 94088 © 1991 Advanced Micro Devices, Inc 
MACH isa trademark and PAL is a registered trademark of Advanced Micro Devices. 
GAL is a registered trademark of Lattice Semiconductor. 
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Making mighty modems micro. 


That’s AIT 


“‘Customerizing” 


“Customerizing” means helping you develop fast, compact, 
low-power V32 modem solutions—with the high-level inte- 
gration needed for laptop/portable applications. The AT&T 
V32 Data Pump consists of only three surface-mountable 
devices: A single DSP16A digital signal processor—ROM- 
coded with software to handle receive, transmit and echo can- 
cellation—complies with the V32 standard, and is compatible 
with V22bis, V22, V21, V23, Bell212A and Bell103; a 16-bit linear 
codec allows for fully digital echo cancellation; and a control- 
ler chip integrates CPU bus interface and line interface cir- 
cuitry. The 0.9 micron CMOS design draws less than 0.5 watt, 
versus 1.5 to 2 watts in many competing products. Sleep-mode 
function takes power consumption down to 50 mW. And to 
speed design-in, EIA/TIA Automode is built into the solution. 
In addition, your Data Access Arrangement (DAA) can utilize 
AT&T high-performance solid state relays and transformers. 
For more on how AT&T “Customerizing” can help you 
develop better V32 modem or other datacomm solutions, just 
give AT&T Microelectronics a call at 1 800 372-2447, Ext. 626. 
In Canada, call 1 800 553-2448, Ext. 626. 


Afst 


Microelectronics 
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Low Cost 
8051 Tools 


This Real-Time emulator is low cost 
and smallest sized full speed 8051 in- 
circuit emulator. Full access to hard- 
ware I/O. Includes all debugging fea- 
tures of Sim and dICE below. Fits in 
shirt pocket. Cross Assembler incl. 


This reduced-speed in-circuit 8051 
debugger provides full access to I/O 
but will not run real-time. With the 
same user interface features as 
Sim8051 below, dICE-51 generates 
execution profiles during reduced 
speed execution. (CMOS and MIL 
also available.) 


Sim8051 

This software Simulator/debugger 
allows ‘no-circuit’, debugging of 8051 
code on IBM-PCs. All Cybernetics 
8051 debug tools offer multi-window 
source code displays, symbolic ac- 
cess to data, single key commands, 
breakpoints, trace, full speed and 
single step execution, execution pro- 
filer, and more. 


Other 8051 tools include: 


Cross Assembler $195 
8751 Programmer $195-$345 
Debugger Demo Disk $ 39 


—) = 
“ Cybernetic Micro Systems 
<S 


PO Box 3000 @ San Gregorio CA 94074 
Ph: (415) 726-3000 @ Fax: (415) 726-3003 
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GUEST EDITORIAL 


THE INNOVATIONS LIVE ON 


reativity and drive are two of the most important attributes an engi- 

neer can have in electronic design or any other field. It’s the impetus 

behind every development and facet of design. When Robert J. Wid- 

lar died on February 27, the electronic community lost an engineer 
who embodied these qualities. 

Widlar, one of the industry’s best known creative geniuses, never gave up 
in his pursuit for perfection. He carved the many paths the linear circuit in- 
dustry has taken today. Nearly all of the devices he designed over 20 years 
ago are still as appropriate for today’s designs as they were when first intro- 
duced. Some of Bob’s notable devices most familiar to linear-IC engineers 
include the »A709, LM100, LM101, LM102, LM108, LM109, LM111, LM10, 
and LT1016, among many others. 

Widlar’s accomplishments are ground-breaking. He was the first to use 
the multicollector pnp transistor, which is used in virtually all linear ICs 
today. He invented super-gain transistors, now available in operational am- 
plifiers industry-wide. Bob also developed the bandgap reference, which was 
first used in the LM109 power IC regulator and later in voltage references. 
His innovative circuit-design techniques formed the basis of many devices 
over the next 25 years and became part of school curriculums. 

His linear-IC career began with Fairchild Semiconductor, and then he 
moved on to National Semiconductor, where he persevered for a number of 
years before retiring. Not one to sit still, though, Widlar soon came back onto 
the scene as an independent contractor. Later, he joined the start-up team at 
Linear Technology, helping in the company’s initial stages and contributing 
to many of its products. 

As one of the most renowned characters in Silicon Valley, many Bob Wid- 
lar stories are in circulation, and most of them are true. He was a person who 
lived life to the fullest and never did anything by halves. Known to use 
unconventional methods, he frequently held interviews in bars, with the 
press as well as with prospective employees. Bob Widlar was not one to have 
died bedridden. He led an active life and died in the same manner, running on 
the beach in Puerta Vallarta, Mexico. 


Robert Dobkin 

Vice President, Engineering 
Linear Technology Corp. 
Milpitas, Calif. 


Editor’s Note: Bob Dobkin, a close friend and associate of Bob Wid- 
lar, worked with Widlar at National Semiconductor for several 
years during his most creative period. Because of Dobkin’s long as- 
sociation with Widlar, Electronic Design believes he is the most ap- 
propriate person in the electronics industry to reflect on Widlar’s 
accomplishments. 
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SURFACE-MOUNT or PLUG-IN 


Let Mini-Circuits’ new TUF-mixers stew in a sizzling 250°C environment 
for five minutes and then compare specs against room temperature 
performance...no trace of degradation. That's a tough mixer! 

TUF-mixer components can take the extreme shock and vibration 
stresses of MIL-STD-28837 as well as more than 200 cycles of thermal 
shock ranging from -55° to +100°C; the Ultra-Rel diodes used can with- 
stand as much as 168 hours of testing at 300°C. 

All-welded internal and external construction is used to assemble and 
package the TUF-unit in a tiny 0.5 by 0.2 by 0.25 in. metal 
case. The non-hermetic, 2-600MHz and 50-1000MHz 
mixers are available for surface mounting (-SM) or plug- 
in applications. Only four leads extend from the mixer, 
simplifying lead placement on pc boards. 


finding new ways... 


Also guaranteed is unprecedented 4.5 sigma unit-to-unit repeatability; 
less than four units out of a million-lot production run will come close to or 
exceed spec limits. 

Tough, tiny, and with tight repeatability... Mini-Circuits Ultra-Rel™ TUF- 
mixers, with a 5-year guarantee, are priced from only $3.95 (10 qty). For 
tough applications, specify TUF-mixers available only from Mini-Circuits. 


Model Freq. (MHz) | Conv. Loss | L-R Isolation | Price, $ ea. 
LO-RF (dB), typ (dB), typ (10 qty.) 
TUF-1 2-600 6.0 42 3.95 
TUF-1SM 2-600 6.0 42 3.95 
TUF-2 50-1000 6.3 40 4.95 
TUF-2SM 50-1000 6.3 40 4.95 


actual size 


setting higher standards 


7 La = alt 
Mini-Circuits 
WE ACCEPT AMERICAN EXPRESS 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 Telexes: 6852844 or 620156 
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Before you buy development 


One glance at the advertising in this magazine starting out, theyll provide timely insights and 
and you know your embedded design involves techniques. To help you get to market first. 


mega choices. But too much of a good thing may Learn which development tools are right for 

lead to one thing: confusion. your project. Do you need emulation or simulation? 
We can help clear this up, for free. With the And just how can you debug less and enjoy it more. 

articles and technical notes you see above. These papers are based on Applied Microsystems 
Because whether you're an old hand or just experience at setting up over 12,000 systems 


© 1990 Applied Microsystems Corporation, P O.Box 97002, Redmond, WA 98073-9702 USA All rights reserved. AMC-9. Other names indicated by ® are registered trademarks of their respective holders. 
For the name of your nearest distributor in Europe, call 44-(0)-296-625462. Europe Fax 44-296-623460. Or contact Applied Microsystems Corporation, Ltd., Chiltern Court, High Street, Wendover, 


tools, read the fine 


worldwide for 8-, 16- and 32-bit designs. Our field _ fi Ii 
+ » 


print. 


engineers have seen enough to write a book. 

But we've boiled some of it down to several 
thousand well-chosen words. 

To order an article, or to receive a system 
demonstration, call 1-800-343-3659. 

And get the bigger story. 


Applied 
Microsystems 

“7 Corporation 
Aylesbury, Bucks, HP22 6EP, England. In J: , call 03-493-0770. Japan Fax 03-493-7270. Or contact Applied . 


ie 
Microsystems Japan, Lid., Nihon Seimei, Nishi-Gotanda Building, 7-24-5 Nishi-Gotanda, Shinagawa-KU, Tokyo T141, Japan. CIRCLE 147 


ECL Oscillators 
In Standard D.LP 
Are The Industry 
Standard From 
10 to 325 MHz 


ECL oscillators from MF are 
available in three of the most 
popular connections in 10K and 
10KH logic, single ended and 
complementary, with and 
without enable/disable 


Enable/Disable Application; 
How to get one of two frequencies 


+5V 
|__Truth Table _| 
Enable: "0" la Geo | 
or Float 1 Freq #1 
Disable: "1" LB Le 


Phone or FAX for our catalog or 350 K 
catalog-on disk on all our oscillators 
including VCXO's, Phase-Lock Loop 
Oscillators, ECL up to 325 MHz, 
Tristate HCMOS/TTL and Wide Temp 
Range oscillators in DIL package. 


BWEEELECTRONICS CORP 


10 Commerce Drive 
New Rochelle, NY 10801 
(914) 576-6570 Fax: (914) 576-6204 
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TECHNOLOGY BRIEFING 


ISPSD: SOI, IGBTs A-OK For PICs 


or years, power semiconductor experts—both 
device designers and users—lacked a forum that 
digs into problems and future technology devel- 
opments in high-power, high-voltage discrete 
and integrated semiconductor devices. Both groups have 
thus suffered: device designers sometimes operated in 
the dark as to users’ needs, while users were unable to 
collect information on likely future device developments. 
However, a couple of years ago, the International Sym- 
posium on Power Semiconductor Devices and ICs 
(ISPSD) was established. Upon its inception, the confer- FRANK GOODENOUGH 
ence has gained the reputation as being the place tobeif ANALOG & POWER 
you want to learn what to expect over the next five years 
in IC and discrete silicon power devices. This year’s ISPSD, chaired by Ay- 
man Shibib of AT&T Bell Labs, is set for Baltimore, April 22-24. 

This year’s conference comprises 48 papers, with none in parallel, so at- 
tendees won’t be faced with difficult decisions as to which paper presentation 
to attend. Three papers (as well as several others) highlight the merger of 
two diverse, yet symbiotic and still burgeoning, power IC (PIC) technolo- 
gies—silicon on insulator (SOI) and IGBTs. 

SOI has been on the mind of many PIC designers ever since an evening 
panel session at the 1983 International Electron Devices Meeting. At this dis- 
cussion, all of the panelists only bandied about several exotic SOI applica- 
tions in high-speed, radiation-hardened digital circuits. Toward the end of the 
session, my friend Frank Wheatly, then of RCA and one of the patent holders 
of the IGBT, asked boldly from the floor, ‘Do you people have any idea what 
a practical SOI technology can do for power ICs?” (considering SOI’s excel- 
lent high-voltage insulating capabilities, the thought had also occurred to me 
at the time, and I’ve been hooked on SOI ever since). 

SOI is a natural for PICs, particularly those that must handle voltages 
above 100 V or so. Isolating any given transistor from any other transistor 
eliminates voltage breakdown to adjacent devices or the substrate. In addi- 
tion, the die area required for the oxide isolation is less than that for junction 
isolation. Plus it simplifies the job of putting vertical npn and pnp transistors, 
along with CMOS and DMOS devices, on the same die. SOI might be de- 
scribed as lithographically created dielectric isolation (DI). 

IGBTs are also a natural for PICs, particularly high-voltage PICs. Unlike 
their MOSFET forerunners, whose on-resistance (for a fixed die size) in- 
creases with the 5/2 power of the voltage rating, IGBT on-resistance is inde- 
pendent of voltage rating. But if used in a junction-isolated IC, the hordes of 
injected minority carriers that supply the IGBT’s low forward losses will 
flood other circuits, raising havoc by randomly turning devices on or off. 
However, if the IGBT is placed in a DI or SOI tub, the effect disappears. 

Three upcoming ISPSD papers describe these technology mergers. The 
first, from device designers at Philips Laboratories, Briarcliff Manor, N.Y., 
describes a process for building 800-V devices on SOI for future 700-V lateral 
MOSFETs and IGBTs. The second paper, presented by researchers from 
Purdue University, West Lafayette, Ind., details an SOI process in which 
small-signal devices are built in an epitaxial layer. Power devices, such as 
IGBTs, are built in deep, oxide-lined trenches etched through the epi into the 
substrate. The third paper, from the Hitachi Research Laboratory, Ibaraki, 
Japan, describes a motor-control IC with a 600-V, 25-A, vertical IGBT output 
device that goes through the chip from top to bottom. Its upper portion, and 
the chip’s small-signal devices, are in oxide-lined tubs embedded in polysili- 
con. The IGBT’s lower portion is in direct contact with the polysilicon. 

For conference details, contact Annmarie Pittman, Courtesy Associates, 
655 15th St. N.W., Washington, D.C. 20005. Call (202) 639-4917. 


Solid state relays for today’s circuits... 
and tomorrow’s designs. 


a. , ; 
. < 4 


AT&T gives you high- 
performance, high-reliability 
SSRs, designed for your most 

demanding applications. 
We've taken our current line of 
solid state relays and made it even 
more useful to you—more com- 
plete—by introducing new 1 Form 
A & Band 2 Form A products. 

While all of AT&T's SSRs 
feature Logic-Level Input Control, 
our newest products offer 3750 
volt input/output isolation. 

Survivability? No problem. We 


integrate our current limit circuitry 
with photo-detector, JFET, and 
MOSFET switches—so that 
designing to withstand damage 
from transient currents and 
lightning over-voltage is as easy as 
adding an MOV. 

For AT&T SSRs in your choice 
of 6 or 8 pin DIP and through- 
hole or surface-mount, just call 
Hamilton/Avnet or Lex Electronics. 
For more information, call AT&T at 
1800 372-2447, Ext. 627 In 
Canada: 1 800 553-2448, Ext. 627. 
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That’s AT&T “Customerizing.” 


© 1991 AT&T 


The right products and support 
for your datacomm and 
telecomm applications. That's 
AT&T “Customerizing” 


(lu) 


ATs 


Microelectronics 


THE WORLD'S LARGEST SELECTION OF 


POWER SPLITTERS/ 
COMBINERS 


2 KHz to 8 GHz io $ 107° 


With over 300 models, from 2way to 48-way, 0° 90° and 180° a variety 
of pinand connector packages, 50 and 75 ohm, covering 2KHz to 
8000MHZ, Mini-Circuits offers the world's largest selection of off-the- 
shelf power splitter;combiners. So why compromise your systems 
design when you can select the power splitter/;combiner that 
closely matches your specific package and frequency band 
requirements at lowest cost and with immediate delivery. 

And we will handle your “special” needs, such as wider band- 
width, higher isolation, intermixed connectors, etc. courteously 
with rapid turnaround time. 

Of course, all units come with our one-year guarantee. 

For detailed specs and performance data, refer to the 
MicroWaves Product Directory, EEM or Mini-Circuits RF/IF 
Signal Processing Handbook, Vol. /l. Or contact us for our 
free 68-page RF/IF Signal Processing Guide. 


“Ceiips 


finding new ways 
setting higher standards 


[ Mini-Circuits 


P.O. Box 350166, Brooklyn New York. 11235- 0003 (718) 934. 4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
ACCEPT AMERICAN EXPRESS 
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FI34-1 REV.A 


F134-2 REV ORIG. 


IRannounces 
Ultra Fast IGBTs: 
our 600V power 
transistors that 
\ switch faster and 
run cooler than 
any you've ever used. 

Forgetabout bipolar Putthese 


breakthrough devices in your high- 
voltage, high-current, medium-fre- 


quency applications and get perfor- 


mance unparalleled for the price. 
Which should come as no sur- 
prise. IR IGBTs build on the same 
proprietary technology that made 
IRs HEXFETs* world leaders. 


eB Wt 
Trae of ct Of 


Call | (213) 640-6534 and 
ask about ce Fast or Ultra- 
Fast IGBIs, optimized for your 
operating frequency. And available 
from IOA to 70A, in commercial 
or hi-rel packages. 

We'll be happy to arrange 
a screening. 


ireR| International Rectifier 


WORLD HEADQUARTERS: 233 KANSAS ST, ELSEGUNDO, CA 90245, U.S.A. (213) 772-2000, TWX 910 348-6291, TELEX 472-0403, EUROPEAN HEADQUARTERS: HURST GREEN, OXTED. SURREY RH8 9BB, ENGLAND TELEPHONE (0883) 713215, TELEX 95219 
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TECHNOLOGY NEWSLETTER 


A reproducible process has been developed to manufacture Josephson junc- 
HIGH-TEMP PROCESS tions from a high-temperature ceramic superconductor. The process allows 
MAKES SUPERCONDUCTORS the fabrication of more than 50 double-junction superconducting quantum in- 
terference devices (Squids) that can operate at the relatively high temperature of liquid nitro- 
gen, which is -196°C. The process, developed by Biomagnetic Technologies, San Diego, Calif., 
could lend itself to large-scale production and is the subject of a patent application submitted | 
by the company. Tests to determine and optimize the process’ characteristics will continue 
over the next several months. DM 


ED AC STRESSES THE Electronic Design Automation Companies (EDAC) will teach designers how | 
to use standards to their advantage during a tutorial they’re giving at the | 
BENEFITS OF STAN DARDS Idea Exposition, April 2-4 at the San Jose Convention Center. The tutorial, 
titled “Utilization of standards for wise development and selection of EDA tools,” will cover 
why standards are important for users, tool developers, and workstation vendors, and will | 
include discussion of specific standards. In addition, the speaker will supply a list of questions 
that EDA-tool buyers are recommended to ask of tool suppliers to make intelligent purchases. 
Mitch Weaver of Mentor Graphics, Beaverton, Ore., will be the primary speaker. LM 


SBUS B ACKED AS The 64-bit SBus has received an endorsement as the bus standard for expan- 
sion modules on pending Futurebus+ modules. Motorola Inc., Tempe, Ariz., 
EXPANSION STANDARD announced that it will use the SBus—an open, high-performance modular 
I/O interconnect architecture developed by Sun Microsystems Inc., Mountain View, Calif. Mo- 
torola’s Computer Group contends that SBus’ growth and flexibility, combined with the large 
number of SBus products already in use, makes this bus the ideal choice for expansion mod- 
ules. These expansion modules are used for high-performance I/O applications, such as sys- 
tem memory, peripheral controllers, coprocessors, networking, and graphics controllers. The 
modules offer specialized functionality that augments the CPU board. Because Futurebus+ 
is also an open standard, Motorola and Sun believe the expansion bus should be nonpropri- 

etary. Specifications for the SBus can be obtained by calling (408) 395-9522. RN 


By occupying just one-third the board space of small-outline large (SOL) | 
TINY 20-P IN P ACKAGE packages, the shrink small-outline package (SSOP) becomes the smallest 


SHRINKS CIRCUITRY commercially available 20-pin package for portable-communications devices. 
Used by Signetics Co., Sunnyvale, Calif., to house its NE/SA575 DK compandor and NE 
SA605DK/615DK FM IF mixer system, the package measures 1.5 by 4.5 by 6.75 mm. In | 
addition to its small footprint, the package is thinner than the SOL package, which gives it an 
advantage in space-sensitive situations. Call Michael Sera at (408) 991-4544. pm 


| AN ALOG PCB P ACKAGE DOES By leveraging a framework to mesh two analog-design packages, Valid Log- 


ic Inc., San Jose, Calif., created the first front-to-back environment for ana- 
FRONT-T0-BACK DESIGN log board design. The Analog Systems Lab (A/S Lab) consists of the compa- 
ny’s Analog Workbench II analog-design system and release 5.0 of its Allegro pe-board sys- 
tem. Together, they furnish analog designers with in-process analysis, electrical design, and 
physical design. Valid claims that A/S Lab is the first package to account for the large amount 
of electrical and physical interdependencies in analog boards. In addition, recent enhance- | 
ments to the Allegro product address unique needs of analog boards. For instance, the soft- 
ware supports the use of curved traces and intelligent shapes with curved boundaries to 
minimize signal discontinuity and maximize signal-to-noise ratios. A/S Lab will be shipping in | 
May for $45,000. Call (508) 256-2300 for more details. LM 


Texas Instruments, Dallas, has joined the Open Systems Project of the Mi- 
TEXAS INSTRUMENTS croelectronics and Computer Technology Corp. (MCC), Austin, Texas. The 
J OINS MULTICHIP TEAM project focuses its efforts on developing an industry infrastructure for mul- 
tichip-module technology. TI becomes the twelfth participant in the project, which was 
launched in March, 1990. Its goal is to offer members a competitive advantage of one to two 
years by bringing low-cost, 40-MHz-plus systems to the market. DM 


Why the cost of harnessing 
lofty technology is much less 
predatory these days. 


Ancient falconers were 
the first to see the potential 
of harnessing high-flying 
technology. By the 1970's, 
microwave wizards had per- 
formed technical feats far 
beyond what ancient man 
could imagine. Yet, the most 
sweeping breakthroughs are 
emerging now, at Avantek. 

Avantek is bringing the 
lofty cost of microwave techno- 
logy down to earth, with a new 
generation of low-cost micro- 
wave components. In a word, 
our technology is going plastic 
—for high volume applications. 
Now, a wide range of high- 
performance MMICs and devices 
Avantek set the standards for 
are available in plastic and 
surface mount packages. This 
advanced microwave technology 
is also integrated into a variety 
of cost-effective components. 


Avantek’s broadband microwave amplifiers 


sell for as little as $1.00 each. 


st of Ire vadband, 


small signal microwav‘ 


The shrinking « 


amplifiers. 
uITh} 


Avantek produces thousands 
of off-the-shelf products for 
the cellular telephone, sat com, 
fiber optics, data com, naviga- 
tion, and telecom markets. We 
continue to break price/perfor- 
mance barriers with innovative 
products—silicon & GaAs semi- 
conductors, LNAs, high power 
amplifiers, upconverters, down- 
converters, laser drivers and 
multiplexer/demultiplexers—for 


many high volume applications. 


We also help customers 
hold down manufacturing costs 
in other ways. We offer the 
microwave industry's most ex- 
tensive service and distribution 
network with twenty major 
stocking locations worldwide. 
So we can keep pace with the 
most demanding JIT programs. 
Or swiftly supply critical 
components for a single proto- 
type. Or deliver a wide range 
of off-the-shelf components, 
often within 24 hours. 


Making microwave history 
is part of Avantek’s 25-year 
tradition. Today, we have an 
unsurpassed capability for RF 
and microwave products. As the 
world’s leading manufacturer 
of commercial power amplifiers, 
GaAs & silicon transistors and 
MMICs for the cellular tele- 
phone, VSAT an DBS markets, 
we know how to meet demand- 
ing standards of cost, delivery 
and quality. Tomorrow this 
capability will enable us to meet 
the needs of new markets such 
as GPS and high frequency 
automotive electronics. 


Avantek supplies microwave components 
in?" and 13"' tape and reel packaging for 
high-volume pick and place manufacturing. 

For more information about 
how Avantek’s new technolo- 
gies can help your business 
thrive in the most predatory 
marketplace, call: 


1-800-AVAN TEK. 


QAVANTEK 


Putting microwave technology 


to work for you. 
CIRCLE 154 


TECHNOLOGY NEWSLETTER 


f A significant departure from conventional silicon transient-voltage suppres- 
HIGH ENERGY SUPPRESSOR sors is exemplified by the TransGuard voltage suppressor. The device, which 


lg ROTECTS CIRCUITRY is a true multilayer surface-mounted varistor, has a current capacity of 150 to 
300 A. According to its developer, AVX Corp., Raleigh, N.C., that’s five to ten times higher | 
than silicon suppressors of similar size. The product dissipates energy in the total unit volume 
between its electrodes. This characteristic enables the device to take repeated surges without 
major parametric changes. In contrast, silicon-based devices dissipate transient power in their 
depletion regions only. Call Ron Demcko at (919) 878-6224. pm 


BUILD STD 39 Using the STD 32 specification is now much more affordable for those em- | 
ploying it on a limited basis. Previously, users building boards to the 32-bit | 
BOARDS For LESS STD bus spec paid a $1000 licensing fee to Ziatech Corp., San Luis Obispo, 
Calif. To benefit smaller STD I/O manufacturers, Ziatech cut the fee to $150 for those compa- 
nies that strictly build I/O boards, not CPUs or backplanes. This lower fee includes unlimited | 
rights to manufacture and sell STD 32 I/O boards of any compliance level. STD 32’s goal is to 
offer a compatible upgrade path to 16- and 32-bit computing for present 8-bit designs. For 
more information, contact Phil Nash of Ziatech at (800) 733-2111 or (805) 541-0488. RN 


Communications in systems ranging from supercomputers to telecommuni- 
Op TICAL CLOCK P USHES cations switches could become up to ten times faster using an optical clock 


COMPUTER SPEEDS created by researchers at Bellcore, Livingston, N.J. The prototype part uses 
lasers and other optical technology to hasten the ticks of a computer’s clock. It takes advan- 
tage of the laser’s ability to generate short, synchronous pulses. In addition, the optical fibers 
can carry light beams with virtually no loss or timing variation. Most high-speed computers 
are synchronous machines that must wait for a periodic pulse or signal from a clock to reach 
every circuit board before executing the next function. These computers are often slowed by 
conventional electronic timing devices and copper-wire connections. This results in less-accu- 
rate and more-costly computing. Consequently, designers must attach a “mode-locked” laser 
that acts as a master timing device to a strand of optical fiber. Then they attach a star coupler | 
that splits the light into 1024 new beams. The beams, which are sent down separate pieces of 
fiber, are ultimately connected to circuit boards by a receiver. The timing signal’s accuracy is 
within 12 ps over all 1024 boards. RN 


: i 3 hag fe 
VLSI DESIGN TOOLS SPUN In this era of megadeals in which one company swallows up another, its 


comforting to see a firm take a more conservative approach and spin out a 

OUT AS SEPARATE FIRM company. That happened earlier this month when VLSI Technology Inc., San 
Jose, Calif., transferred its well-respected IC design tools to a newly formed and wholly owned 
subsidiary, Compass Design Automation, also of San Jose. Compass will be responsible for 
marketing all of VLSI’s tools to the open market and developing new, more advanced pro- 
grams. By spinning the software off to a separate entity, managers at VLSI hope to distance 
the design-tool groups from the intimate tie into VLSI’s manufacturing facilities. That dis- | 
tancing will permit Compass to seek out relationships with other foundries and software 
suppliers. By broadening the reach of the VLSI Technology software to include macrocell 
libraries from a number of different semiconductor foundries, Compass hopes to become a 
foundry-independent software supplier. Other efforts by Compass include participation in a | 
multicompany forum to define a standard for vendor-independent libraries for gate-array, 
cell-based, and other IC designs. Contact Taylor Scanlon, (408) 434-7648. DB 


Lattice’ 


Semiconductor 
Corporation 
5555 Northeast Moore Court * Hillsboro, Oregon 97124 


Leader in E2CMOS PLDs.” 


Copyright © 1991, Lattice Semiconductor Corporation. GAL and ECMOS are registered trademarks of Lattice Semiconductor Corporation. 
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WHY THE 
FIRS F040 VME 
MIGHTAS WELL 
BE THE LAST 


Memory modules available in 4 and 
16 MB DRAM or SRAM. 


eeeeeennetee 


DRAM memory module supports Fetes 
burst fill mode for 50 Mbyte/sec tn af 
memory bandwidth. 


On board DMA-based architecture 
provides maximum performance and 
parallel real-time operation. 


First, we're delivering 040 

_ VME single board com- 

§ puters today. In quantity. 
So you can get started 
while the rest of the 
world waits for a delivery 

date from other suppliers. 


Second, our new CPU-40 board is 
setting performance standards nobody 
else can touch. Like 30,000 dhrystones 


sustained at 25 MHz? And DMA transfers at a scream- 
ing 50 Mbytes per second sustained (3 microseconds 
on the VMEbus). 

So it might just be the last 040 board you'll ever 
need. 

That’s because we’ve fully optimized the on-board 
architecture. Thanks to our 281-pin gate array, DMA 
operations can be handled between on-board RAM, 
the VMEbus and on-board I/O devices. Or through 
our FLXi interface to other I/O drivers. 


—_—. 
Allof which means the CPU is free [FR & 
over 75% of the time to run your 2 


IX 


application. 


Developing new applications is also a snap. Choose 
from the broadest range of third-party software in the 
business, including VMEPROM™ pSOS+"" VRTX32™ 
OS-9"" VxWorks,” UNIFLEX** MTOS™ and UNIX* 5.4. 

Of course, we provide comprehensive support with 
the industry’s best-rated documentation,” complete 
systems integration support and technical assistance. 


CPU-40 PERFORMANCE CHARACTERISTICS 


Data from CPU CPU CPU CPU VMEbus SCSI* Floppy Ethernet’ Shared VMEbus* 
Disk* RAM* 
Transferto Shared EPROM Seriall/O SCSI Shared Shared Buffer Dual-port VMEbus VMEbus 
RAM Timers Ethernet RAM RAM RAM RAM 

Controller, 

Floppy Disk 
Transfer 53.7 16 2 2 5 4 500 10 15 15 
Speed MB/sec MB/sec MB/sec MB/sec MB/sec MB/sec KBit/sec MBit/sec MB/sec MB/sec 
Local 68040 100% 100% 100% 100% 70% 80% 100% 100% 75% 100 
CPU 
Operation 
“DMA x FPS 


So be the first in your company to turn 040. Call 
1-800-BEST-VME, ext. 40, for more information or fax 
a request to (408) 374-1146 for an immediate response. 

It’ll be to your lasting advantage. 


FORCE Computers, Inc. 3165 Winchester Blvd. Campbell, CA 95008-6557 


*Actual dhrystone results may vary depending on compiler used. **Computer 
Design News, March 12, 1990. All brands or products are trademarks of their 
respective holders. © 1991 FORCE Computers, Inc. 


VME at its best. 


CIRCLE 80 


Modular Eagle I/O subsystems provide 
high flexibility for a variety of applications. 


FLXi interface supports high-performance 
I/O via Eagle modules. 


FGA-002 gate array provides message 
broadcast interrupt management. A 32-bit 
DMA controller that supports local shared 
memory, VMEbus and I/O data transfers. 


WHO NEEDS 
THE SIGNAL 
PROCESSING 
WORKSYSTEM? 


Anyone involved in DSP and communications design can benefit 
from the Signal Processing WorkSystem? Because SPW” is the only 
complete, integrated CAE software tool for signal processing design, 
simulation, analysis and implementation. 

Satellite communications. Modems. Mobile radios. Cellular phones. 
Radar. Sonar. Speech encoding. Voice processing. Image processing. 
Digital audio. Multimedia. Automotive electronics. Robotics. Neural 
nets and pattern recognition. Data compression. HDTV. Biomedical 
instrumentation. All these and much more can be designed using 
SPW on industry-standard platforms from Sun, DEC and HP/Apollo. 

That’s why over 200 of the world’s leading telecommunications, 
aerospace and electronics companies around the world now use SPW. 

With SPW you first create a high-level, hierarchical design using 
its extensive libraries of DSP and communications function blocks, 
as well as your own custom blocks. SPW then automatically converts 
your design into an error-free simulation program that can accept 
real-world signals and parameters for accurate design analysis. 

SPW also provides several optional paths to implementation, 
including bit-accurate fixed-point simulation, VHDL generation, logic 
synthesis and other ASIC/PCB support. A code generation system 
produces generic-C for fast prototyping on any DSP platform, links 
SPW to DSP chips from AT&T, Motorola and TI, and supports boards 
from leading vendors. 

To preview the Signal Processing WorkSystem, call (415) 574-5800 
for a free video demonstration tape. In fifteen minutes, you'll see 
how SPW can save hundreds of hours and thousands of dollars in 
DSP design. 


COMDIUCO 
SYSTEMS,INC 


919 East Hillsdale Blvd., Foster City, CA 94404 (415) 574-5800 
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TECHNOLOGY ADVANCES 


PINLESS LAND-GRID-ARRAY SOCKET HOUSES 
INTEL’S 80386SL MICROPROCESSOR 


ast fall’s debut of In- 
L=: high-integration 
version of the compa- 

ny’s 80386SX microproces- 
sor—the 80386SL—de- 
manded a response from 
interconnection manufac- 
turers. The chip is housed 
in a 227-pad land-grid-ar- 
ray (LGA) package, which 
is like a pin-grid array with- 
out its pins brazed on. As 
such, the package calls for 
a pinless interconnection 
scheme. Now, Rogers 
Corp. answers that call 
with a socket capable of 
handling the 80386SL. The 
technology can be extend- 
ed to other LGA devices. 

The Rogers socket is 
based on its Isocon technol- 
ogy (see the drawing). The 
Isocon connector consists 
of anarray of flat S-shaped 
beryllium-copper conduc- 
tors suspended in high 
stress-retention microcel- 
lular silicone. As the con- 
nector is compressed, the 
conductors rotate around 
the center of their support- 
ing medium to provide an 
aggressive 9-mil wipe at 
each conductor interface. 
Clamping hardware main- 
tains the compressive load. 
Inaddition, a gas-tight con- 
tact is made over thou- 
sands of mating cycles. 

Some of the system’s 
key benefits include grid 
pitches between 0.100 in. 
(2.54 mm) and 0.050 in. (1.27 
mm), as well as variable 
conductor location within a 
grid. Total contact resis- 
tance is less than 10 mQ 
and total contact induc- 
tance is about 0.5 nH. A 
very low compressive 
force of about 15 lbs. is re- 
quired to make a solid con- 
nection with the 80386SL 
chip’s contacts. 


Using a cellular material 
is essential because it pre- 
serves the accurate loca- 
tion of the conductors. The 
foam is only locally com- 
pressed by a reduction in 
size of the cells. Asaresult, 
it doesn’t bulge in compres- 
sion as solid elastomers do, 
which would change the lo- 
cation of the embedded 
conductors. 

To place the conductors 
within the microcellular 


Alignment holes (2) 
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silicone matrix, slots are 
cut into the matrix with a 
laser. As a result, very lit- 
tle tooling is required to 
generate specific conduc- 
tor-location patterns. The 
conductors themselves are 
built up using a beryllium 
copper core that’s plated 
with 75 win. of nickel, 50 
pin. of hard gold, and 50 
pin. of soft gold. 

After long-term testing, 
which included high-tem- 
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perature aging, tempera- 
ture cycling with humidity, 
10,000 mate-demate cycles, 
and various aggressive 
corrosion tests, the socket 
showed only very small in- 
creases in total intercon- 
nection resistance. In addi- 
tion, there was a small and 
consistent standard devi- 
ation of the total resis- 
tance, indicating a reliable 
interconnection system. 

Heat can be drawn away 
from the chip by two meth- 
ods. In one method, a ther- 
mally conductive socket lid 
makes intimate contact 
with the ceramic on top of 
the LGA package. Here, it 
draws heat away from the 
package and functions asa 
heat spreader. Another 
technique involves an elec- 
trically insulated heat slug 
that’s used under the LGA 
package and rests between 
the package and the pc 
board. Adding internal 
thermal pads and vias to 
the pce-board planes en- 
ables heat to be drawn 
from the bottom of the 
LGA package to the pe 
board’s surface. 

Machined-metal ver- 
sions of the Isocon socket 
are available now, and 
molded parts will be avail- 
able by the end of April. In 
prototype quantities, the 
molded socket will cost 
from $0.60 to $1.50 per pin. 
Tooling and non-recurring- 
engineering charges will 
run from $5000 to $10,000. 
In production volumes, the 
price run from $0.15 to 
$0.20 per pin. NRE charges 
for production runs can be 
as high as $100,000, de- 
pending on volumes and 
complexity. 

Contact the Rogers 
Corp., Circuit Components 
Div., 2400 S. Roosevelt St., 
Tempe, AZ 85282; (602) 967- 
0624. 
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TECHNOLOGY ADVANCES 


SUPERCONDUCTING THIN FILMS Boost 
MICROWAVE RESONATOR Qs UP To 40 TIMES 


sing zero-resistance 
high-temperature 
superconductors for 


planar thin-film struc- 
tures, researchers at Sie- 
mens AG in Munich, Ger- 
many, have developed lab- 
oratory-type microwave 
resonators with a signifi- 
cantly improved quality 
factor Q over conventional 
resonators made from cop- 
per. The improved Q values 
were observed at different 
temperatures and differ- 
ent frequencies. 

At6.5 GHz anda temper- 
ature of 77K, a Q factor of 
3840 was measured. Larg- 
er-area resonators, manu- 
factured at the company’s 
Erlangen laboratories to- 
gether with Semiconduc- 
tor Technologies in Santa 
Barbara, Calif., attained 
Qs as high as 12,000 at 10 


GHz. That figure, Siemens 
says, is 40 times higher 
than the Q that’s achiev- 
able with corresponding 
resonators from copper. 

The quality of micro- 
wave resonators depends 
mostly on the conductivity 
of the material used. An- 
other key factor involves 
the ohmic losses in metals 
due to the electrical resis- 
tance of the conducting 
lines, leading to signal at- 
tenuation and dispersion. 
This is quite evident with 
thin conductors and at high 
frequencies. Consequent- 
ly, it’s been virtually im- 
possible until now to inte- 
grate passive components, 
such as delay lines or fil- 
ters, in a space-saving 
manner into microwave 
circuits. 

This problem problem of 


integrating passive compo- 
nents can be solved 
through the use of zero-re- 
sistance high-temperature 
superconductors that are 
cooled cheaply and effi- 
ciently with liquid nitro- 
gen, which Siemens re- 
searchers verified with 
their demonstration de- 
vice. The device they used 
was a line resonator, an im- 
portant basic component 
of integrated microwave 
circuits. 

The resonator consists 
of acoplanar line in whicha 
standing electromagnetic 
wave can be set up by re- 
flection at the short-cir- 
cuited ends. It’s made by 
laser deposition of yttrium- 
barium-copper-oxide on a 
lanthanum-aluminum sub- 
strate suitable for high fre- 
quencies. 


SOFTWARE AIDS PROPEL DEVELOPMENT OF 
8088/86-BASED PC IN A PGA PACKAGE 


educing the size of 
R: IBM-PC-compati- 

ble computer for use 
as an embedded controller 
is only half the battle in 
making it truly useful. 
What’s just as important is 
to develop efficient soft- 
ware development aids 
that are compatible with 
the facilities of the comput- 
er. Designers at Hexatron 
Ltd., Letchworth, Hert- 
fordshire, United King- 
dom, have created an 8088/ 
86-based PC-compatible 
computer that fits into a 60- 
by-55-mm (2.1-by-1.9-in.) 
128-pin pin-grid-array 
package, and enhanced it 
with a software develop- 
ment kit called Appcom. 
The kit allows program- 
ming in high-level lan- 


guages, such as C, Pascal, 
Basic, or Ada. 

The development soft- 
ware interacts with the Mi- 
cro-PC’s specially written 
embedded operating sys- 
tem, dubbed Prom-DOS, 
which can run standard PC 
files and attaches to a PC 
expansion bus. With the 
software, a programmer 
can develop and debug pro- 
grams on a desktop PC us- 
ing standard compilers. 
Once an application pro- 
gram is completed, com- 
piled, and tested for basic 
execution functionality on 
the desktop computer, 
Appcom takes over to 
download it through two 
machines’ serial RS-232 
ports into the smaller sys- 
tem’s on-board local memo- 
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ry. This is formatted as a 
silicon disk. 

According to marketing 
director Derek Carpenter, 
“That allows a program to 
be fully tested and de- 
bugged in the target hard- 
ware, embedded in its final 
environment.” When de- 
velopment is complete and 
the programmer is happy 
that everything works as 
intended, then the pro- 
gram can be permanently 
fixed into the built-in 
PROM, and the job consid- 
ered is done. 

It sounds simple, but 
Carpenter says much ef- 
fort has been invested in 
the Appcom development 
system and the embedded 
PromDOS operating sys- 
tem. Although ‘‘DOS”’ 
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This fabrication method 
allows the epitaxial deposi- 
tion of thin monocrystal- 
line superconducting 
films. The superconduct- 
ing phase of the deposited 
material is formed during 
cooling in an oxygen atmo- 
sphere without subse- 
quent treatment. 

The resulting films can 
be structured by photo- 
lithographic and wet- 
chemical etching methods. 
The high-current capaci- 
ty—about 1,000,000 A/ 
em*—of the thin films 
made this way doesn’t im- 
pair the resonator proper- 
ties even under a high load. 

Siemens foresees other 
high-frequency applica- 
tions for high-temperature 
semiconductors. Such ex- 
amples include high-effi- 
ciency antennas as well as 
dispersion-free signal 
transmission in high-per- 
formance computers. 

JOHN GOSCH 


stands for disk operating 
system, the Micro PC is a 
diskless machine. This 
means both programs had 
to incorporate some special 
tricks so that the standard 
PC operating system, MS- 
DOS, could be emulated, 
and that it still occupied 
only a small portion of the 
computer’s memory-stor- 
age space. 

Hexatron technical di- 
rector Andrew Butler ex- 
plains that during the de- 
bugging process, Appcom 
puts two windows on the 
larger computer’s screen, 
one for the target system 
and the other for command 
and control. A range of 15 
special functions are thus 
made available, including 
file transfer, silicon-disk 
creation, and PROM pro- 
gramming. It also provides 
an interactive capability 
during the debug process 
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World class UNIX productivity. 


Around the world, productivity is 
the driving force in PCB CAD design. 

World class UNIX® productivity 
for technical workstations is exactly 
what you get with PREMIER PCB™ 
Together with the proven quality 
that has made P-CAD the worldwide 
leader in PCB design. 

PREMIER PCB gives you the 
power, flexibility and speed you 
need to get your next product to 
market faster. And with a high-level 
user interface and end-to-end 
integration that lets you complete 
and verify your designs with more 
efficiency — in a lot less time. 


P-CAD and CADAM are registered trademarks and PREMIER PCB is a 
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Worldwide networks mean a 
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P-CAD supports the transfer of 
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using a Basic interpreter 
built into the operating 
system. 

“This has a full range of 
commands that give com- 
plete hardware control,” 
Butler said. “As these com- 
mands are part of Basic, 
they can be used directly 
from the command line, or 
made into quick programs. 
This is much more power- 
ful than normal batch com- 
mands and more flexible 
than a conventional debug 
program.” 

The resulting applica- 
tions programs, too, are af- 
forded special treatment. 
Butler stated that conven- 
tional MS-DOS programs 
are inefficient in their use 
of a machine’s system 
memory—they must be re- 
located in memory each 
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time they’re run. 

“They’re not pure exe- 
cutable code,’’ he said, 
“and that means the entire 
program file has to be cop- 
ied from disk to working 
RAM, and all absolute ad- 
dresses have to be 
changed, and that adds 
overhead time.” Moreover, 
a standard compiler will al- 
locate large portions of a 
PC’s memory on the as- 
sumption that it has large 
amounts of memory to 
play with. 

For embedded systems, 
both time and memory are 
commodities that must be 
used carefully and effi- 
ciently. In addition to run- 
ning standard PC program 
files with the .EXE exten- 
sion, Appcom can convert 
them into a special “.BIN” 


file. Butler explains: 
“These files are generated 
automatically from the 
original and are specially 
compacted to use very 
small amounts of memory. 
In addition, these files can 
run directly from the sys- 
tem’s silicon disk without 
being copied into the sys- 
tem’s operating memory.” 
That also means programs 
can be fixed into PROM, 
protecting against corrup- 
tion caused by power-sup- 
ply glitches. 

As an embedded com- 
puter, special consider- 
ation must be given to its 
ability to drive external de- 
vices. This is where the 
Prom-DOS/Appcom com- 
bination has its special ca- 
pabilities. 

“Unlike MS-DOS sys- 
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tems, Prom-DOS is fully 
re-entrant, so device driv- 
ers can use the operating 
system directly, and there- 
fore be debugged in opera- 
tion,” Butler said. With 
special facilities provided 
in the development kit, pro- 
grammers can write so- 
phisticated driver soft- 
ware that can control a 
number of devices in real 
time “with just a few lines 
of code,” according to But- 
ler. Effectively, he claims, 
this gives the Micro-PC a 
multitasking ability. 
Hexatron’s Micro-PC, 
which contains all of the el- 
ements of a fully function- 
al PCand needs no external 
components, uses a modi- 
fied 10-MHz NEC proces- 
sor that’s fully compatible 
with the Intel 8088/86 fam- 


q 
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Journey to the Modulation Domain and move 


ily of processors. The pack- 
age includes 512 kbytes of 
RAM, 512 kbytes of 
EPROM, and a 24-line dual 
serial input-output inter- 
face with three timers and 
an interrupt controller. 

The main memory of 512 
kbytes of RAM is housed in 
a thin small-outline pack- 
age (TSOP) that’s mounted 
under a 32-pin DIP socket 
in which the EPROM fits. 
Apart from the EPROM 
socket, all components are 
surface mounted. 

The Micro-PC’s I/O lines 
are compatible with TTL 
levels. The computer’s out- 
put lines provide current- 
sinking capability. 

Interfaces include two 
serial channels with Clear 
To Send and Request To 
Send signals. Both are ca- 
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pable of asynchronous 
communications with se- 
lectable data rates of up to 
38 kbaud, including stop 
bits and parity. Interface 
levels are 5 V, making it 
possible to use RS232, 
RS428, RS422 and RS485 
buffers. External buffers 
are required for obtaining 
full voltage and current 
levels when interfacing 
with RS282 lines. 

The only power-supply 
requirement for the tiny 
computer is a single +5-V 
rail. Maximum current 
drain is 100mA. 

Physically, the Micro-PC 
is mounted in two parts. 
The actual circuit is mount- 
ed on a small pe board, 
which itself mounts onto a 
separate PGA carrier. This 
carrier is then fixed to a 


larger pe board by wave- 
soldering techniques, us- 
ing automatic pick-and- 
place equipment. The larg- 
er board is then fixed in 
place with four screws, 
picking up electrical con- 
tacts automatically. 
Carpenter says that pin- 
outs of the Micro-PC have 
been specifically arranged 
to make it possible to link 
with external devices, in- 
cluding keyboards or pads 
and displays. Timing sig- 
nals are given for external 
memory and I/O devices, 
and permit expansion to 
address 1 Mbyte of memo- 
ry and 1kbyte of I/O. 
Specific signals are pro- 
vided for linking the Micro- 
PC with an interrupt con- 
troller chip (an 8259), a real- 
time clock, graphics-dis- 


oy design skills into a new phase. 


By finding the best trade-off between 
phase noise and loop response, it’s pos- 
sible to achieve a better design. But 
there wasn't a convenient way to 
measure phase until the Modulation 
Domain made it possible. Now, you can 
study the phase transient behavior 
of phase-locked loops and character- 
ize phase modulated signals directly. 


play drivers, PC-type 
keyboards, and a watch- 
dog and power-monitor de- 
vice. Carpenter adds that 
the computer’s standard 
digital I/O lines can con- 
nect directly with liquid- 
erystal displays and key- 
pads. 

Hexatron is also devel- 
oping another version of 
the Micro-PC that will use 
an NEC-53 microproces- 
sor. This processor is 
equivalent to the Intel 
180286 microprocessor. 

In the United Kingdom, 
the Micro-PC sells for £187 
(dollar prices have yet to be 
set), and the Appcom de- 
sign kit for £995. 

For more information on 
the Micro-PC, contact Hex- 
atron at 44(0)462 675530. 

PETER FLETCHER 


your way around. 


Plan a visit to the Modulation Domain 
and find how phase analysis can help 
make you a better designer. Call 
Hewlett-Packard at 1-800-752-0900* 
Ask for Ext. 1834, and we'll send 
you our Visitor’s Guide to the 
Modulation Domain on floppy disk, 
so when you get there, you'll know 


There is a better way. 


HEWLETT 
PACKARD 
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*In Canada, call 1-800-387-3867, Dept. 418. 
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LITTLE 


Agiant step ina little footprint. 
At Siliconix, we’re doing more thanjust 
shrinking devices to increase utilization 
of limited board space. Nowwe’re 
employing digital packaging technology 
to carry our power products. Making 
assembly easier than ever. Andinsome 
cases creating entirely new application 
possibilities. 

Our latest offerings, the “LITTLE 
FOOT’ 8-pin additions to our Si9000 
SOIC family, have the highest power 
density and the lowest package height 
available. To achieve this, we design 
two MOSFETs into less space thana 
single transistor 4-pin DIP, TO-220, or 
DPAK. Not only saving valuable board 
space but also improving reliability by 
reducing part count. 


© Copyright 1991 Siliconix, ine. 


These devices generate less heat 
tomake your design more efficient. 
The secret? OurSiMOS2.5 (2.5 million 
cells/sq.in.) technology combined with 
acopper leadframe that conducts heat 
directly from the backside of the die to 
optimize thermal performance. The 
result—a smaller, coolerrunning 
device with the industry's lowest Rpscon) 

The Si9000 family consists of 22 
devices with more on the way. Our 
latest additions are the Si9952DY, ann- 
and p-channel device with high current 
handling capability and ideally suited 
for motor controlapplications. The 
Si99538DY, adualp-channel device that 
is perfect for load switching. And the 
dual n-channel Si9955DY that’s designed 
for higher voltage applications. 


And that’s not all! Our standard 
SOIC packaging allows you to use auto- 
mated assembly techniques to ensure 
device compatibility. And this combined 
with lower part count results in reduced 
assembly costs. And speaking of lower 
costs—single MOSFET versions, the 
Si94XX series, are coming soon. 

Step up to more compact and 
powerful designs! Call our toll-free hot. 
line now. 1-800-554-5565, Ext. 557. 
Ask for our “LITTLE FOOT” Design Kit. 
Andremember, at Siliconix we’re com- 
mitted to achieving aseamless interface 
between the power and digital worlds. 


Siliconix 


2201 Laurelwood Road, Santa Clara, CA 95056 


SIEMENS 


Siemens integrated circuits help 
bring the world closer together 
with telecommunications. 


Siemens is continuing to provide inno- 
vative solutions in communications 
which are making a sound impact, 
throughout the industry. And the world. 


We offer the most comprehensive 
communication IC family in the world, 
facilitating the incorporation of data, 
speech, and picture sources, 
to meet your application- 
specific needs. 


With the development of 
our PEB2091 ISDN Echo Pectin al 
Cancellation Circuit (IEC-Q), *“transceiver 
we introduced the industry's _ for !SON. 
first single-chip CMOS solution for the 
standardized U-interface. It can double 
the traffic-handling capability of existing 
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telephone lines. And it's ideal for 
transmission systems such as digital 
added main line and other pair gain 
systems and intelligent channel banks. 


For applications such as cel- 
lular or full-featured tele- 
phones or line cards, 
which require lower 
power consumption, 
we offer CMOS 8-bit 
microcontrollers based 
on the 8051 architecture 
Like the SAB80C537, which features 
16-bit hardware multiply/divide, and 
8 data pointers. 


Siemens CMOS ASIC technology 
features both Sea-of-Gates and stan- 
dard-cell families. Our 1.5, 1.0 and 
sub-micron technologies are compatible 
with Toshiba even at the GDS2 data- 
base level, for true alternate sourcing 


CMOS 8-bit 
Microcontrollers. 
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worldwide. And they 
come with the European 
content and U.S. design 
support you need, as 
well as the best service 
in the industry. 


For the most advanced 
telecommunications ICs, hook up with 
the leader. 

For details, call (800) 456-9229 or write: 
Siemens Components, Inc. 

2191 Laurelwood Road 

Santa Clara, CA 95054-1514. 


Ask for literature package M12A 010. 


ASIC solutions in 
both Sea-of-Gates 
and standard-cell. 


Siemens 
World Wise, Market Smart. 
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CHIPS RENDER WORKSTATION 
GRAPHICS INEXPENSIVELY 


A MULTICHIP SET LETS DESIGNERS BUILD HIGH- 
PERFORMANCE 2D OR 3D GRAPHICS SUBSYSTEMS 
THAT DRAW UPTO 1 MILLION VECTORS/S. 


DAVE BURSKY 


s workstations and other 
desktop and industrial sys- 
tems demand faster-re- 
sponding and higher-reso- 
lution graphics, system 
designers are running out 
of options. Unless they de- 
sign their own custom graphics-control 
chips—an expensive process—they’re lim- 
ited as to what they can do. They can use 
dedicated chips for IBM-PC VGA or 8514A 
graphics. Or they can choose programma- 
ble processors that deliver VGA to mid- 
range graphics with acceptable perfor- 
mance. Or they can program RISC proces- 
sors for high-performance graphics. 

The need for an off-the-shelf graphics 
solution that performs like custom chips at 
a fraction of the price is critical. Such a 
solution could foster a new degree of stan- 
dardization for graphics software, which 
until recently required custom drivers to 
be developed for each hardware platform. 
This gap in underlying graphics hardware 
hasn’t gone unnoticed—Yamaha’s Elec- 
tronic Systems Div. has developed a multi- 
chip set that delivers high-end workstation 
graphics, at a component cost of $1000 to 
$3500 (evaluation-quantity pricing), not 
counting display memory. If quantity us- 
age ramps up to thousands of units, the 
company estimates chip prices could drop 
by more than 60%. 

There are five ICs in the initial chip set: 
the GC1201 bit-block-transfer unit and 8D 
vector processor, the CG1202 frame-buff- 
er controller, the CG1203 video controller, 
the CG1204 depth buffer with shading pro- 
cessor, and the CG1205 pixel accelerator. 
The five 0.8-4m CMOS chips contain from 
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3500 to 13,000 gates each. 

The chip architectures are crafted with 
system scaling in mind. A low-end system 
with eight bit planes and a 4096-by-2048- 
pixel frame buffer could be built with as 
few as three chips (not counting RAM): the 
GC1201, 02, and 03 (Fig. 1). That system 
can draw 3D vectors at 35 ns/pixel, while 
bit-block transfers (bitBLT) go as fast as 
18 ns/pixel. To upgrade the system, multi- 
DES I6 NE 
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1. WITH FIVE BASIC CHIPS in various quantities, Yamaha's designers can craft high-performance color-graphics subsystems that 
offer 24-bit true color, Gouraud shading, and hidden-surface removal. The systems can draw short vectors at rates of over 1.2 million vectors/s. 


ple GC1204 depth buffer/shading 
processors and a pixel accelerator (a 
GC1205) can be added to speed shad- 
ing, hidden-surface removal, and 
pixel movement. 

Higher-resolution 2D or 3D sys- 
tems with 82 bit planes and a 4096-by- 
8192-pixel frame buffer would re- 
quire six more frame-buffer control- 
lers to handle the additional memory 
needed. Specially designed memory 
modules are also available to mini- 
mize the design time and board space 
required by the chips—both 1-Mbyte 
and 4-Mbyte modules (organized as 
1-M-by-8 and 4-M-by-8) supply 8 
planes for either a 4-k-by-2-k or 4-k- 
by-8-k frame buffer, respectively. 

Assuming that the memory sub- 
systems can keep pace with graphics 
circuits, 1.2 million 10-pixel 2D full- 
color vectors, or 0.7 million 3D full- 
color vectors with depth cueing, can 
be drawn each second. Polygon fills 
(100-pixel full-color polygons with 
shading and Z-buffers) can be done 
at 120,000/s for 2D and 70,000/s for 
3D graphics. Both the vector and 
polygon numbers hold constant with 
any multichip combination used for 
the GC120X series. Up to 100,000 
high-resolution (16-by-16-pixel) char- 
acters/s can also be drawn on the 
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screen. Those rates offer dynamic 
displays in color-graphics simula- 
tions and realistic movement in CAD 
applications. Adding the 1205 pixel 
accelerator alows bitBLT operations 
on XY planes at 50 Mpixels/s. Using 
the Z-buffer, bitBLTs can reach a 
peak of 25 Mpixels/s. 

Unlike several other chip ap- 
proaches that require dual-ported 
video RAMs for the frame-buffer 
memory, the Yamaha chip set can 
use lower-cost standard single-port 
DRAMs. To do that, a novel unfold- 
ing scheme maps the entire multi- 
plane frame buffer into a single- 
plane “unfolded” memory array. 
That makes it easier to use the mem- 
ory, and enables users to zoom and 
pan around the entire buffer space 
as if it were all visible simultaneous- 
ly. Furthermore, the frame-buffer 
controller chip has a double cache 
buffer that improves the access time 
to the frame buffer. And, to reduce 
the read/write access time of the sin- 
gle-port memory, the frame buffer is 
accessed in blocks by parallel read- 
modify-write operations. An image 
can thus be read from the frame 
buffer at up to 55 Mpixels/s. 

The GC1201 contains the bitBLT 
and 3D vector processor, which to- 
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gether perform command analysis, 
vector generation, and data trans- 
fers. An asynchronous bus interface 
ties the 179-pin chip to the host-CPU 
interface. The vector generator con- 
tains a pipelined, three-axis digital 
differential analyzer (DDA) and can 
draw 3D vectors at 35 ns/pixel. Maxi- 
mum resolution for X-, Y-, and Z-axis 
coordinates is 2'°, 2, and 2”°, respec- 
tively. The chip can pan over the en- 
tire unfolded memory plane as if the 
entire image was on the video screen. 
Zooming in ratios of 1 to 16 can also 
be done with no significant delay. 

The chip has an overall drawing 
rate of 70 ns/pixel, which includes 
the write time to the pipeline circuit 
and the frame buffer. If the vectors 
are short (10 pixels), that can trans- 
late to a drawing rate of over 1 mil- 
lion vectors/s. Fat-line drawing, at- 
tribute-control functions, and a text- 
control circuit are also included in 
the 1201. If an external font memory 
is connected to the chip, any font can 
be drawn on an arbitrary bit bound- 
ary. Up to 32,000 different text styles 
and up to 256 line and interior styles 
can be used simultaneously. 

The chip’s bitBLT capability al- 
lows transfers to the frame buffer of 
plane, pixel, or array data formats, 
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and supports bit-shift, auto wrap- 
around, and transparency control. 
Command or memory I/O operations 
are supported for the host CPU and 
frame buffer. Frame-buffer read 
and write speeds are both 18 ns/pixel 
(24-bit true-color mode). 

The 1201 has many powerful 
graphics commands. Besides basic 
line drawing and data-movement op- 
erations, it has a Set Character Font 
instruction. This command lets it 
switch from pixel data to a character 
memory, and thus quickly change 
from image to text, by using the 
character code following the com- 
mand to control the access to the 
character memory. The Set Line 
Style command allows users to rap- 
idly switch the line types among any 
of the potential 256 styles available. 

Tying the 1201 into the frame- 
buffer memory array, the 256-lead 
GC1202 frame-buffer controller con- 
verts the frame-buffer image drawn 
by the 1201 into a digital video signal. 
Multiple 1202s can be connected to- 
gether ona local high-speed graphics 
bus, with each chip supporting up to 
four frame-buffer planes. A system 
can use up to eight 1202s to create a 
32-plane frame buffer. And because 
standard DRAMs are employed to 
implement the buffers, the buffer 
size can be easily upgraded by sim- 
ply switching the RAMs when new- 
generation chips are available. As a 
result, such features as multibuffer- 
ing, the display of large drawings, or 


Frame memory 
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direct copy transfers to a high-reso- 
lution laser printer are possible. 

The XY plane or the Z direction of 
the frame buffer can also be reconfi- 
gured through software. For exam- 
ple, the 24 full-color planes typically 
ordered along the Z-axis can be rear- 
ranged in the XY plane as one mono- 
chrome plane, or as multiple frame 
buffers with different XY coordi- 
nates. The video image data is sent 
from the frame buffer to the GC1203 
video controller, which generates all 
of the video timing signals. it also 
controls the image masks, panning, 
and the video cursors. 

One 256-pin video controller chip 
processes the signals from up to 24 
planes at a maximum video rate of 
110 MHz. When running in a 60-Hz 
noninterlaced mode, the chip can 
supply display resolutions of up to 
1280-by-1024 pixels. Since the frame 
buffer can be extended to almost any 
size, HDTV-compatible 1920-by- 
1035-pixel images can be created us- 
ing an interlaced mode with a 74.25- 
MHz dot rate. 

The chip’s highly programmable 
aspects permit interlaced or nonin- 
terlaced operating modes, as well as 
user-definable video timing signals. 
With the maximum dot-clock rate of 
110 MHz, the controller can handle 
most display resolutions. In the in- 
terlaced mode, screen refresh rates 
of over 80 Hz are possible; in the non- 
interlaced mode, the top refresh rate 
hits about 62 Hz. Masking opera- 
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tions are also possible—one for the 
entire plane-display control, and the 
other for arbitrary areas within a 
plane and arbitrary shapes. The chip 
also erases the screen in 4 ms. 

Six different cursors, five of which 
can be displayed simultaneously (the 
four user-definable cursors and ei- 
ther the cross-hair or rectangular 
cursor), are handled by the control- 
ler. Address support for the four 64- 
by-64-pixel user-definable cursors is 
also on the chip. An off-chip 15-ns, 8- 
kbyte (8-k-by-8-bit) static RAM holds 
the cursor patterns. 

Because cursor images are super- 
imposed by video signals, the frame 
buffer’s contents aren’t disturbed. 
The combined digital video data and 
cursor signals are then fed to the 
lookup table memories associated 
with the video DAC, which delivers 
the video signal to the CRT. 

The 100-lead GC1204 has an 8-bit 
processing slice to generate Z-coor- 
dinate values. It supports Z buffer- 
ing, depth cueing, and shading oper- 
ations thanks to a 24-bit integrator/ 
divider, an 8-bit multiplier, and DDA 
circuitry. Up to three 1204s can be 
cascaded for Z-axis comparisons, 
which can be done at 35 ns/pixel. By 
arranging the chips in a matrix ar- 
ray, high-speed processing can be 
achieved by comparing 32 pixels si- 
multaneously (four GC1204s for ev- 
ery Z-axis 8 bits). Ordinary DRAMs 
can be used to form the Z buffer. 

Hidden surfaces are removed by 


To CRT (1280-by-1024 pixels) 


From VGA (1024-by-768 pixels) 


system several notches above the simplest configuration requires six basic chips: one 1201 bitBLT and 3D vector processor, a pair of 1202 


s 2. COMPACT, HIGH-PERFORMANCE GRAPHICS subsystems can be implemented on PC/AT-size add-in cards. Designing a 


frame-buffer controllers, one 1203 video controller, one 1204 slice processor, and one 1205 pixel accelerator. 
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Here’s one reason thatover 
half of all SCSI devices 


sold are NCR. 


Meet NCR’s SCSI development team. In 1983, they gave the computer 


industry its first SCSI device. By providing easy connectability and 


significantly reducing time to market, a new product era was born. 


Since then needs have changed. By combining our system skills, high- 
performance standard cell methodology, and in-house manufacturing, 
NCR has maintained its leadership role with innovative new ideas 

like the 53C700 product family. And the joint 
development of LADDR —a new architecture 
aimed at cutting the development time of 


OS/2 device drivers by 90%. 


Today SCSI is becoming the leading I/O 
\ standard — adopted by industry giants 
, like Apple, IBM, HP, and DEC. And 
no one is selling more SCSI chip 

level products than NCR. In 


fac [, no one even comes C lose. 


Part of the NCR SCSI Development Team: (left to right) 

Jerry Armstrong, SrSoftware Engineer; Harry Mason, Strategic Marketing 
Manager; John Lohmeyer, NCR Sr. Consulting Engineer and Chairman of 
the ANSI X3T9.2 Committee and Dave Skinner, SCSI ProductManager. 


North American Sales Headquarters 
1731 Technology Drive, Suite 600 

San Jose,CA 95110 

(408) 453-0303 
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Here’s another. 


The NCR 53C700 SCSI I/O Processor... 
So good, Electronic Design named it the 
product of the year. 


“You can’t tell a good SCSI chip just by looking at it...” and according 
to Electronic Design, NCR’s 53C700 is the best there is. 


The only third generation SCSI device on the market today, it concen- 
trates all the functions of an intelligent SCSI adapter board on a single, 


smart and extremely fast, chip... for about 15% of the cost. 


As the first SCSI I/O processor on a chip, the 53C700 allows your CPU 
to work at maximum speed while initiating I/O operations up to 
thousands of times faster than any non-intelligent host adapter. DMA 


controllers can burst data at speeds of up to 50 Mbytes/s. This new chip 


cuts down system time hookup to a fraction of what it has been. 


Those are just a few of the reasons Electronic Design’s “Best of the 
Digital IC’s” award went to NCR’s 53C700 last year. 


And now the NCR 53C710! =] TS 
For the complete story on the NCR SCSI product line featuring the 


new 53C7I0, as well as the upcoming SCSI seminars with the NCR 
SCSI Development Team, please call: 


1-800-334-5454 Creating Leelee. 
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a European Sales Headquarters 
Gustav-Heinemann-Ring 133 
8000 Munchen 83 Central 
West Germany Hong Kong 
49 89 632202 825 859 6044 


Asia/Pacific Sales Headquarters 
2501, Vicwood Plaza 
199 Des Voeux Road 
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The ARIES Chip Set does away 
with many significant design headaches, 
that’s why. It collapses virtually all disk 
drive electronic functions onto just 4 
chips, so you can accomplish your hard 
disk drive design in less space. And get 
your finished product to the market a 
lot sooner. 

Packed inside ARIES are the 
32R4610 Read/Write Ampliflier, the 
32P4620 Pulse Detector/Data Separator, 
the 32H4631 Servo and Motor Speed 


Controller, and the 3204650 Combo 
AT Controller. 

ARIES appreciates your ongoing 
need for shrinking footprints and high 
24-Mbit/s performance. Plus it equips 
you with low-power +5 volt only 
operation. 

In other words, the ARIES Chip 
Set is a revolutionary idea that just 
might help you eliminate your 
competition. For more on ARIES, 
contact your nearest Silicon Systems 


CIRCLE 112 FOR PRODUCT INFO 
CIRCLE 144 FOR CAREER INFO 


representative. Or call us for literature 
package SPD-2. 


Silicon Systems, Inc. 

14351 Myford Road, Tustin, CA 92680 

Ph 1-800-624-8999, ext. 151 Fax (714) 669-8814 
European Hdq. U.K. Ph (44) 79-881-2331 

Fax (44) 79-881-2117 
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having the 1204’s Z-buffer control 
operate in parallel with the 1201’s 
vector generator. The 1204 gener- 
ates Z coordinates synchronized with 
the 1201’s XY DDA interpolation at 
36 ns/pixel. The coordinates are com- 
pared with the Z-buffer contents, 
and the result is transferred to a logi- 
cal-operation selector circuit in the 
GC1202. The 1202, in turn, takes the 
results and determines whether or 
not the frame-buffer contents 
should be updated with the values in 
the data cache. 

Gouraud-shading algorithms, 
which linearly interpolate the inten- 
sity between two points, are incorpo- 
rated in the 1204 as well. The shading 
circuitry generates intensity in pixel 
units for each RGB color, synchro- 
nized with the XY DDA in the 1201 
and the Z DDA in the 1204. The cir- 
cuit operates independently of the 
cohabitating DDA; thus it can work 
in parallel. The shading data is RGB- 
coded with 8 bits per color. The 
GC1202’s cache buffer is loaded with 
24 bits/pixel through a 69-Mbyte/s 
graphics bus that connects the 
GC1202 and 1204. 

To enhance the 3D images, depth- 
cueing logic on the 1204 generates up 
to 256 intensity levels that are in- 
versely proportional to the Z-axis co- 
ordinate. It uses the coordinates of 
the front and back planes, the inten- 
sity scale, and the absolute intensity 
at two points to perform the calcula- 
tion. The computations are done in 
accordance with the Phigs specifica- 
tion. Because depth cueing and shad- 
ing are used separately, some of the 
circuitry is shared between both 
functions to save some chip area. 

On-chip DMA controllers and 
FIFO buffers allow the 1205 pixel ac- 
celerator to give systems a four-fold 
improvement in the time required for 
bitBLTs. The accelerator chip is con- 
nected almost in parallel with the 
main GC1201 video controller. In- 
structions fed into the 1201 are also 
captured by the 1205, which 
“snoops” the bus, waiting for a com- 
mand to interpret and execute. A 
large off-chip FIFO register (256 
words by 24 bits) that buffers pixel 
data is controlled by a FIFO inter- 
face section and DMA logic that re- 
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side on the accelerator chip. 

Because all of the chips were de- 
signed to operate together, a mini- 
mal amount of glue logic is needed to 
tie the chips into a host system. In 
fact, an AT-compatible add-in card 
can pack a complete video system, in- 
cluding the frame-buffer memory, to 
create a 1280-by-1024-pixel video dis- 
play with a 4-k-by-2-k 8-plane frame 
buffer (Fig. 2). 

A more powerful VMEbus-based 
6U evaluation card that has expan- 
sion connectors for a large daughter- 
card enables designers to maximize 
the system features. The base VME 
card has about the same features as 
the AT card. But the daughtercard 
includes the additional RAM to form 
an 8-k-by-4k-pixel frame buffer. 

Within the next few months, Ya- 
maha expects to have CGI and X- 
server drivers as well as an INS sub- 
set. Although no specially created 
software-development tools exist, 
standard VME hardware-develop- 
ment tools can be used to evaluate 
and develop software for systems 
using the chips. j 


PRICE AND AVAILABILTY 

Initial samples of every chip will be 
housed in pin-grid-array packages except 
for the GC1204, which will come in a 100- 
lead plastic quad-sided flat package. The 
GC1201, 1202, 1203, and 1205 come in 179-, 
256-, 256-, and 135-lead PGAs, respectively. 
Samples of the chips will be sold in “kits.” 
The $1000 basic kit has a 4-k-by-2-k-pixel 
frame buffer with one 1201, two 1202s, and 
one 1203. Extra 1204s can be added (up to 
five) at $100 each. The 1205 is also an extra 
$100. A larger kit for a 4-k-by-8-k-pixel 
frame buffer has six extra 1202s and sells 
for $3000. As with the other basic kit, extra 
12048 and a 1205 can be included. Samples 
ofall chips except the 1204 will be available 
next month; the 1204 will be ready in June. 
The custom memory modules—the 1- 
Mword by 8-bit and 4-Mword by 8-bit 
units—sell for $220 and $845, respectively. 
VMEbus evaluation boards, one with an 8- 
plane 4-k-by-2-k frame buffer and the oth- 
er with a 32-plane 4-k-by-8-k buffer, sell for 
$6000 and $25,000, respectively. 

Yamaha Corp. of America, Systems 
Technology Div., 981 Ridder Park Dr., San 
Jose, CA 95131; Robert Starr, (408) 437- 
3138. CIRCLE 511 
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e Input Voltage 90 to 130 VAC 
(47/440Hz) 


e Single, Dual, Triple Outputs 
e 1200V Rms Isolation 


e Low Isolation Capacity 
Available 


e Continuous Short Circuit 
Protection 


e High Efficiency 

e Fully Regulated Voltage 
Outputs 

e Operating Temperature 
— 25°C. to + 70°C. with No 
Heat Sink or Electrical 
Derating Required 

e Expanded Operating 
Temperature Available 
(—55°C. to + 85°C. ambient) 

e Optional Environmental 
Screening Available 


PICO manufactures complete lines of 
Transformers, Inductors, DC-DC Converters 
and AC-DC Power Supplies 


Delivery— 
stock to 
one week @ 


PIcoO™ 


Electronics, inc. 


453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 


Call Toll Free800-431 -1064 
IN NEW YORK CALL 914-699-5514 
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Your MedKe/Buy Decision 
Just Got A Lot Easier! 


| BURR-BROWN’S | Ze 

_ OEM € 

| MICROTERMINALS 

| SATISFY ALL YOUR 

| OPERATOR 

| INTERFACE/ 
CONTROL PANEL 
NEEDS - INCLUDING 

| PRICING THATSSO 

| LOWYOU NOLONGER . 
NEED TO EVEN aeere 

| CONSIDER BUILDING Powad 
YOUR OWN! : 


Cost- 
Effective 
Solutions 


These devices will save 

| you valuable design, | multifunction 
tooling, and develop- Industry’s microterminals to rugged, 
ment costs and time so Wi d t industrial units. Plus 
you can concentrate on ia4es | multiple customization 
your product designs. Plus, i | options designed 
their low pricing makes | Selection specifically with the OEM 
them very easy to cost- | Bun-Brown brings you in mind. Whatever your 
justify. From $195, with fourteen models from requirements, we have 
generous quantity which to choose... from | models to fit your 
discounts. the most basic device to | particular needs. 


Years of 
Experience 


For over a decade, 

| Bur-Brown has been 
supplying quality, 
high-performance 


microterminals, For a copy of our new 
worldwide. For brochure, or information 
applications such as about demonstration 
control systems, units, write Burr-Brown 
instrumentation, Corp., P.O. Box 11400, 
communications, test & Tucson, AZ 85734. Or, call 


monitoring, machine Toll-Free 1-800-548-6132. 
setup, medical, and 


many, many more. 
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Bun-Brown OEM Microterminal allows operator to interface to a 
precision laser. 
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EXAR Corporation 


2222 Qume Drive 
San Jose, CA 95131 
408/434 - §400 


EXAR CORP. 


FAX MODEM 
CHIPS BRING 
DATACOM 

TO LAPTOPS 


ow that the last technical wrinkles for 
internal data/facsimile (fax) deploy- 
ment in desktop personal computers 
are to be ironed out, the stage is set to 
attack the portable-computer market. 
With more portable personal comput- 
ers, laptops, and notebook-size comput- 
ers being used, an enormous opportunity exists to unite 
these document-producing machines with document- 
transmitting internal data and fax modems. 

Before this can happen though, modem IC vendors 
must make some tough technical and marketing deci- 
sions. This is in view of the current uncertainty in chang- 
ing fax-modem IC standards and unclear application re- 
quirements, even for desktops. For data modems, one 
decision is determining which compression and error-cor- 
rection schemes to support. Another is whether to wait 
for the standards picture to clarify, or commit basic de- 
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WITH BUILT-IN 
FAXES 
BECOMING 
COMMONPLACE 
IN DESKTOPS, 
THE Focus Now 
TURNS TO 
PORTABLE PCs. 


signs to silicon and depend on appli- 
cation software to track evolving 
standards (see the figure). There are 
also the questions of what will be the biggest applica- 
tions, what type of fax modems will be used, and in what 
type of computers and service will they be employed. 

Some data-modem chip vendors say current industry 
technology-licensing practices can share the blame for 
any uncertainty about the market. The most recent flap 
concerns the V.42bis data-compression algorithm, for 
which IBM holds a patent. So does Unisys Corp. And 
British Telecom of the United Kingdom has applied for 
yet another. To obtain a license to incorporate the algo- 
rithm into their modems, OEMs must pay IBM a one-time 
$20,000 charge or 1% of the price of each modem sold, 
$20,000 to Unisys, and $15,000 to British Telecom. The li- 
censing cost is factored into the cost of the product. 

Sierra Semiconductor Corp., San Jose, Calif., offers 
purchasers of its SC11091 modem controller the option of 
buying a PROM with the V.42bis code, only paying IBM 
$20,000 directly. The PROM’s price includes the cost of 
pass-through licensing for Unisys and British Telecom. 

“We have no problem with the amount of the licensing 
fees,” says Shyam Dujari, senior product marketing 
manager at Exar Corp., San Jose, Calif. “But IBM wants 
to license directly to systems manufacturers, which is a 
tedious approach that doesn’t help the market.”’ Exar 
believes licensing through chip vendors is more efficient 
and would promote faster product acceptance. 

Rockwell International’s Digital Communications 
Div., Newport Beach, Calif., feels that patent issues re- 
lating to the V.24bis standard have deterred many OEMs 
from implementing the protocol in their products. The 
company handles the situation by offering its “standard 
patent indemnification” to OEMs buying chips support- 
ing the protocol. Details of this arrangement aren’t yet 
available. However, the contractual agreement between 
Rockwell and its customers restricts application within 
Rockwell-stipulated guidelines. 

Of more immediate concern is whether PC users really 
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need both send and receive capability 
in their fax-equipped machines. Sier- 
ra Semiconductor argues that send- 
fax capability makes more sense 
than send-receive fax for most desk- 
top and portable computer users. It 
argues that desktops are generally 
in an office environment that’s 
equipped with a fax machine, and us- 
ers might not want to tie up their ma- 
chines with lengthy fax receptions. 
Furthermore, because a received 
page of text is just a bit-mapped dot 
pattern representing characters of 


ASCII text 
files 


Scanner-format | a | File 
files conversion 


Bit-mapped 
files 
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scanned at 200 dots/in., but readabil- 
ity still calls for scrolling. Unfortu- 
nately, scaling the document to fit 
the screen’s dimensions isn’t an ideal 
solution because it sacrifices both 
resolution and readability. 

There’s also the question of how 
faxed data will be received. Incom- 
ing faxes can’t pass through a tele- 
phone switch at the receptionist’s 
desk. An expensive front-end switch 
is needed to sense voice or fax and 
make the appropriate connection. 
The alternative is to use a separate 


Compressed file 
in format 
understood by 
fax machines 


7 


machine can understand. Some file formats may need to convert to a bit-mapped format 
before the software can convert to a fax file format for transmission by the modem. 


: FAX APP LICATION SOFTWARE converts data files to a form that a fax 7 


an ASCII code, the document can’t 
be edited and rewritten. A computer 
may perform cut-and-paste opera- 
tions on the image, but because all 
intelligence is stripped away from 
the document by scanning, it can 
only treat the document as a graphic 
element, not as an ASCII file. A data 
modem is much more efficient for 
transmitting alphanumerics. 
Moreover, there’s the issue of 
screen resolution. Most PCs have a 
14-in. VGA monitor with a 640-by- 
480-pixel screen resolution, or 73- 
pixel/in. pixel density. If a received 
document has been scanned at 200 
dots/in., the message is three times 
larger than the monitor. Conse- 
quently, reading it requires horizon- 
tal and vertical scrolling. A 14-in. Su- 
per VGA monitor with a 1024-by-768- 
pixel resolution (93 pixels/in.) dis- 
plays about half of a document 
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line, which means paying an installa- 
tion fee and a monthly charge. This 
also requires the sender to somehow 
alert the receiver to an impending 
fax transmission. 

For these reasons, Sierra Semicon- 
ductor expects most of its business 
to come from its family of SendFax 
modem chips for PCs and laptops de- 
ployed in a departmental environ- 
ment. This will allow a company to 
use simpler, less-expensive stand- 
alone fax machines, instead of more 
expensive ones intended for multiple 
users. The company first addressed 
this market about a year and a half 
ago with the SC11046 single-chip 
data/fax modem, a chip that com- 
bines 4800-bit/s fax-sending capabil- 
ity with a 2400-bit/s send-receive 
data modem. Since then, the compa- 
ny has introduced the SC11054 with 
9600-bit/s fax-sending capability. 
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the company also offers combina- 
tions of data and send/receive fax 
modems and controllers for PCs. 

Fax-chip vendors do concede, how- 
ever, that certain business-office en- 
vironments may justify internal 
send-and-receive fax capability for 
PCs. For example, this is true for so- 
phisticated setups that already have 
dedicated phone lines and high-end 
equipment, such as Super VGA mon- 
itors, laser printers, scanners, and 
PS/2 and Macintosh computers with 
ample memory capacity. The applica- 
tions in this case are two-way com- 
munication from computer to com- 
puter, fax machine to computer, and 
computer to fax machine. 

Though the potential growth of 
these applications isn’t yet clear, 
chip companies are covering their 
bets by offering fax/data modem 
chips with send-and-receive capabili- 
ty. For example, Rockwell recently 
added another member to its True- 
FAX family of data/fax modems for 
use in PCs and portables. The 
RC9624AC integrates a 2400-bit/s 
data modem with send-and-receive 
9600-bit/s fax capability for Group 3 
fax operation. Send-and-receive 
functions at 9600-bits/s are also of- 
fered in Exar’s XR-2900 FaxPlus 
chip set, and in Sierra Semiconduc- 
tor’s SK9698 chip set. 

Chip and software vendors must 
also contend with the still-evolving 
fax-modem standards (see ‘‘Fax pro- 
tocols and standards,” p. 49). The 
working document for Class-2 mo- 
dems, called EIA 2888, is still under- 
going changes, including command 
information content required for 
handshaking between modems. This 
information contains the modem 
manufacturer, type of software be- 
ing used, the modem class, and revi- 
sion number. The transmitting mo- 
dem needs this information to deter- 
mine what set of commands to use 
for the fax transmission. 

Because of the changing stan- 
dards environment, some fax-chip 
vendors are still introducing Class-1 
modems that perform dial-up and 
connect functions, but no T.30 hand- 
shaking and T.4 error correction are 
done by DTE (data-terminal-equip- 
ment) application software. The 
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Class-1 standard was the first to ex- 
tend the AT command set from At- 
lanta-based Hayes Microcomputer 
Products Inc. to control fax trans- 
mission. Although less flexible than 
Class-1 modems, Class-2 products 
have more features and require less 
involvement by the host CPU in fax 
operations. Already supported by at 
least two software houses, Class-2 
modems combine T.30 handshaking 
with dial-up and connect functions. 
Although the standard is still evolvy- 
ing, most companies believe Class 2 


ith some 600 different 

varieties of fax prod- 

ucts offered by dif- 

ferent vendors, a ma- 
jor challenge for modem hard- 
ware and software designers is to 
have their products communicate 
with as many existing products as 
possible. Fortunately, standards 
organizations simplify the job by 
classifying the various types of 
modems and by specifying how 
they communicate. 

The International Consultative 
Committee for Telegraphy and 
Telephony (CCITT), which sets in- 
ternational communications stan- 
dards, has classified four groups 
of facsimile service: 


eGroup-l facsimile has analog 
transmission, no data compres- 
sion, and transmits data over a 
public-switched telephone net- 
work (PSTN). A page of text is 
transmitted in about 10 min. 

e With limited data-compression 
capability, Group-2 facsimile 
transmits a page of text over a 
PSTN in 3 min. 

eGroup-3 facsimile has digital 
transmission, complex data com- 
pression, and takes under 1 min. 
to transmit a page of text over a 
PSTN. 

e Also containing digital trans- 
mission and complex data com- 
pression, Group-4 facsimile trans- 
mits data over a digital network 
(such as the Integrated Services 
Digital Network) with a page- 
transmission time of less than 1 
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is the way to go at this time. 

More bothersome, however, may 
be the issue of data-flow control. 
Data rates above 19 kbits/s begin to 
present problems for fax transmis- 
sion. In a typical send-fax modem, a 
buffer memory resides between the 
DTE bus and the modem functions 
(see “Controlling data flow,” p. 52). 
Before the buffer fills, an XOFF con- 
trol signal is sent to the DTE. If the 
DTE doesn’t respond quickly, the 
buffer can overflow and data will be 
lost. On the other hand, if the buffer 


FAX PROTOCOLS AND STANDARDS 


second. This standard is subdi- 
vided into three classes of resolu- 
tion. Class 1 and 2 have 200-bit/in. 
resolutions, and Class 3 has 300 
bits/in. Optional resolutions are 
300 and 400 bits/in. for Class 1, 
and 200, 240, and 400 bits/in. for 
Class 2 and 3. 


Transmission rates for facsimi- 
le modems are under the same 
standards that govern data-mo- 
dem transmission rates. Four of 
the latest CCITT data and fax mo- 
dem standards track the escalat- 
ing speeds of modem technology: 


e Y.29 defines 9600-bit/s fax mo- 
dems for point-to-point, four-wire 
leased lines. 

e V.32 defines two-wire, full-du- 
plex data modems running at the 
same speed over dial-up and 
leased lines. 

e V.32bis relates to 14.4-, 12-, 9.6-, 
7.2-, and 4.8-kbit/s data modems 
for dial-up lines. 

e V.33 defines 14.4-kbit/s fax mo- 
dems for point-to-point, four-wire 
leased lines. 


Other recent standards address 
error control, data compression, 
and connectivity for data mo- 
dems: 


e V.42 defines the LAPM (link-ac- 
cess protocol, modem) error-con- 
trol procedure for transmission 
speeds of 1200 bits/s and higher. 

e Levels 2, 3, and 4 of the Micro- 
com Networking Protocol (MNP) 
are part of an error-control recom- 
mendation from Microcom Inc., 
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is allowed to empty, the transmission 
is interrupted and the fax machine 
may disconnect. 

What’s needed is a buffer with 
large storage and the ability to issue 
flow-control signals to the DTE. 
With enough advance warning for 
worst-case latency under Microsoft 
Corp.’s Windows, this time period 
can be several hundred milliseconds. 

As a result of these concerns, an 
expected major change in the PN 
(proposal number) 2388 recommen- 
dation is the addition of buffer-mem- 


which has become part of the 
CCITT V.42 standard. 

e V.A2bis is a 4:1 data-compres- 
sion standard for modem speeds 
of 1200 bits/s and higher. 

@ Microcom’s MNP Level 5 givesa 
2:1 compression ratio for speed of 
1200 bits/s and higher. 

e MNP Level 7 offers a 3:1 com- 
pression ratio. 

e T.4is a compression scheme. 

e T.30 is a handshaking protocol. 


Meanwhile even more stan- 
dards are emerging from the 
standards committees of various 
countries. In the U.S., the TR29 
committees of the Telecommuni- 
cations Industries Association 
(TIA), a subset of the Electronic 
Industries Association (EIA), rec- 
ommend three modem classifica- 
tions (not to be confused with 
those for resolution) that specify 
system elements for executing 
the handshaking protocol and per- 
forming data-compression: 


e Class-1 (EIA 578) facsimile and 
data modems dial and connect to 
other modems. T.30 handshaking 
and T.4 data compression are per- 
formed in the DTE. 

e Class-2 (EIA 592, also referred 
to as the 2388 proposal) modems 
handle the T.30 negotiation in the 
DCE —_ (data-communications 
equipment, which can be a modem 
card or box), but not T.4 compres- 
sion. This recommendation is still 
being amended. 

¢ Class-8 modems perform both 
T.4 and T.30 functions. 
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ory definitions. Upon finalization, 
this proposal will be called ETA 592. 
As for buffer size, a 100-byte capaci- 
ty suffices for standard DOS inter- 
faces. But a Windows-enhanced or 
Macintosh environment needs any- 
where from a 2-kbyte to 8-kbyte 
buffer to cover worst-case condi- 
tions. The PN 2388 committee is also 
determining at what unused capaci- 
ty level the buffer should issue a 
wait command to the DTE’s CPU to 
prevent overflow. A wait command 
can be a software instruction, such 
as XON/XOFF, or a hardware CTS 
(clear-to-send) signal. 

Equally important, the DTE must 
service wait requests immediately, 
otherwise data is lost. For example, 
the priority level of an interrupt de- 
termines the wait time before the in- 
terrupt is serviced. The priority level 
for a DMA operation is higher than 
that for a communications port, and 
an I/O device interrupt priority level 
is somewhere between the two. 

“This is especially critical for a PC 
running IBM’s OS/2 operating sys- 
tem or Microsoft Corp.’s Windows 
on top of a high-speed communica- 
tions program working in the back- 
ground,” says David Long, market- 
ing manager for data communica- 
tion products at Sierra Semiconduc- 
tor. “Windows creates problems for 
a PC’s communication ports by fore- 
ing the PC to wait for up to 300 ms be- 
fore servicing an interrupt. At a 
9600-bit/s fax rate, or 0.1 ms/bit, a 
lot of data is lost in that time.” 

Another potential error source are 
interrupt signals to the DTE. A PC 
treats a fax modem like any other 
modem. If an interrupt occurs while 
it’s sending data to the fax modem, 
the computer may stop sending data 
and service the interrupt. Data mo- 
dems are unaffected by such data 
stoppages because they have a built- 
in 60-second time-out feature. On the 
other hand, fax modems are de- 
signed to shut off when data flow is 
interrupted, thinking the transmis- 
sion is finished. 

Present error-control techniques 
for data modems also have room for 
improvement. “Available software 
algorithms for error correction and 
control do not provide a total solu- 


Ele 


INTERNAL FAX-MODEM CHIPS 


tion,” says David Long. ‘For exam- 
ple, the MNP error-correcting proto- 
cols of Microcom Inc. (Norwood, 
Mass.) perform modem-to-modem 
correction but don’t deal with the PC- 
buffer interface where overflow er- 
rors can occur. On the other hand, a 
PC-resident protocol, such as XMO- 
DEM performs, PC-to-PC error cor- 
rection by doing check sums on 
blocks of data. If a bad block is trans- 
mitted, XMODEM retransmits a cor- 
rected data block. But why not at- 
tack the problem at its source—the 
PC-buffer interface?” 

Although existing modem hard- 
ware and software products can eas- 
ily increase modem speed, a speed- 
limiting factor in the installed base 
of some personal computers has de- 
terred the use of faster modems. The 
serial port in most MS-DOS devices 
in the IBM PC/XT and PC/AT mod- 
els, along with some 80386-based ma- 
chines, won’t operate at data rates 
over 9600 bits/s. However, 80386- 
based machines using the 16C450 
UART can operate at rates up to 19.4 
kbits/s. Exar solves the problem by 
incorporating a speed-conversion/ 
buffer feature in its products. 

Another solution appears to be at 
hand in a new system of communica- 
tions software developed by Hayes. 
Combined with a separate driver for 
data buffering and flow control, the 
enhanced serial-port (ESP) specifica- 
tion supposedly ensures data integri- 
ty for data rates up to 38.4 kbits/s. A 
version of this specification is imple- 
mented in Hayes’ ESP card, which 
supports 19.2-kbit/s data rates on 
MS-DOS computers. 

The quality of telephone transmis- 
sion lines imposes another speed lim- 
itation. As transmission speed in- 
creases, data streams become more 
sensitive to adverse phone-line condi- 
tions. However, this problem ap- 
pears to be solved by a Layer 2 link- 
level protocol from Microcom. Called 
MNP 10, the protocol supports 
CCITT’s V.32, V.32bis, and V.22bis 
modulation standards, and AT&T’s 
Bell 103A and 212A modulation stan- 
dards. It also supports V.42 and 
MNP 1-4 error-control, and V.42bis 
and MNP 5 data-compression algo- 
rithms. The technology is designed 
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specifically for communications in 
difficult transmission conditions, 
such as cellular, international, and 
poor-quality land-line connections. 

MNP 10 handles adverse line con- 
ditions by constantly shifting trans- 
mission speed during the life of the 
connection. This upshifting and 
downshifting across the modulation 
schemes offers the highest possible 
speeds the transmission line will al- 
low for maximum throughput. To en- 
sure that both ends can deliver MNP 
services, modem handshaking be- 
gins at a low modulation rate select- 
ed by the user. Because call setup is 
the most vulnerable part of a MNP 
session, multiple attempts are made 
to establish a reliable link during 
noisy line conditions. After a connec- 
tion is made, MNP shifts the modems 
to a higher modulation rate, line con- 
ditions permitting. 

This past January, Microcom se- 
lected Rockwellas its first MNP 10i- 
censee. Rockwell will incorporate 
the technology into its V.22bis, V.82, 
and V.32bis modem chip sets. Until 
June of this year, customers can buy 
MNP 10 products from Microcom 
and MNP 10 chip sets from Rock- 
well. After that, an MNP 10 license 
for OEMs will be offered to the gen- 
eral public for a one-time fee ranging 
from $5000 to $20,000, depending on 
the annual revenue of the vendor re- 
questing the license. Rockwell cus- 
tomers won’t have to pay for a sepa- 
rate license. Key players in the por- 
table-computer arena, such as To- 
shiba America information Systems, 
GRiD Systems, and Spectrum Cellu- 
lar, will help promote MNP 10 as a 
de-facto standard and eventually a 
CCITT standard. 

Other OEMs contend that the ex- 
isting V.42 standard is flexible 
enough to handle cellular applica- 
tions without resorting to yet anoth- 
er proprietary protocol with all its li- 
censing complications. More impor- 
tant is to use an existing CCITT mod- 
ulation standard that is least prone 
to making errors. 

Once problems associated with 
putting basic internal data and fax 
modem capability into desktop and 
portable computers are more clearly 
defined, the solutions can’t be far be- 
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hind. In fact, the industry is already 
envisioning the capabilities of next- 
generation machines. “Basie PC fax 
will soon be history,” says Dudley 
Westlake, product line manager for 
internal data/fax products at Rock- 
well. “Laptops and notebook com- 
puters are already beginning to rival 
desktop PCs in functionality, hard- 
disk capacity, and VGA resolution.” 

This trend is illustrated by the Tra- 
velMate family of notebook comput- 
ers from Texas Instruments Inc, 
Dallas. The latest model, the 8.5-by- 


typical fax modem board 
has a data buffer for no 
data-flow interruption 
(see the figure). For ex- 
ample, if the DTE is set for a 19.2- 
kbit/s rate and the modem con- 
nects at 9600 bits/s, data passes 
intact from the DTE to the modem 
as long as the buffer doesn’t over- 
flow or underflow. Maximum 
throughput is 9600 bits/s. 

To avoid buffer overflow, both 
hardware and software flow-con- 
trol methods are presently used to 
indicate to the DTE when it may 
or may not send data to the mo- 
dem. With hardware flow control, 
the modem controls the CTS 
(clear-to-send) line and tells the 


Data-terminal equipment 


19,200 bits/s 


BJELECTRONIC 


11-by-1.8-in. TM3000, weighs 5.6 lbs. 
and is powered by Intel Corp.’s 20- 
MHz 80386SX processor. Hard-disk 
memory capacity is either 20 Mbytes 
or 40 Mbytes, and the unit has a 1.44- 
Mbyte floppy diskette drive. Particu- 
larly impressive is the 10-in. diagonal 
VGA display, which is based on the 
triple-supertwist, side-lit LCD tech- 
nology of Sharp Corp., Tokyo, Japan. 
The screen has 640-by-480-pixel reso- 
lution and 32 gray scales. 
TravelMate options include a 2400- 
bit/s, V.22bis Hayes-compatible mo- 


CONTROLLING DATA FLOW 


DTE when it may or may not send 
data. Alternatively, the modem 
sends control characters (XON 
and XOFF) along the DTE’s re- 
ceive-data path to indicate when it 
may or may not send data. Con- 
versely, the terminal can inform 
the modem, through hardware 
control, of its ability to receive 
data by controlling its request-to- 
send line, or by software control 
to send XON/XOFF characters 
on the transmit data path. 

The modem can also provide er- 
ror detection and correction using 
the Microcom Network Protocol 
(MNP) developed by Microcom 
Inc. Maximum modem-to-modem 
throughput depends on the class 


dem with send-fax capability and 
MNP 5error correction. “We exam- 
ined fax chips from several vendors, 
including our own digital-signal pro- 
cessors,” says Vaughn Watts, TI’s 
engineering manager for portable 
communication products at its Tem- 
ple, Texas facility. “Our products 
consumed too much power and had 
too much horsepower for the applica- 
tion. Considering cost-performance 
ratios, we settled on a fax chip set 
from Sierra Semiconductor.” Travel- 
Mate’s fax hardware and software 


of connection used, and never ex- 
ceeds the data rate of the slowest 
terminal. All classes of MNP sup- 
port error detection and correc- 
tion by using a 16-bit cyclic redun- 
daney check sum (CRC) and re- 
transmission. MNP 4 supports 
full-duplex operation, and MNP 5 
adds run-length encoding and 
adaptive-frequency encoding 
(Huffman coding) for data com- 
pression. 

Upon establishing a connection, 
two modems supporting MNP de- 
termine all mutually acceptable 
performance parameters. For ex- 
ample, if one modem is MNP 4 and 
the other is MNP 5, the resulting 
connection will be MNP 4. 


Data-terminal equipment 


Box modem, PC, or fax machine 


Data-communications equipment 


Framing 


ee 


De-framing 
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9600 bits/s 


Transmit data 


Recieve data 
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The ADSP-2100. 


The ADSP-2100 computes a 
1024-point complex FFT in less 
than 3 ms witha total memory 
requirement of less than 4k bytes. 
It also computes a2 X 22D con- 
volution in 1.2 jzs and executes 
ADPCM in only 68 jxs. 


@ The ADSP-2100 can access two 
words of external data every cycle. 


e The ADSP-2100 supports zero- 


overhead loops of any length. So our 


looped code—whichis the easiest 
to write —is also the fastest. 


@ The ADSP-2100's two dedicated 
data address generators can auto- 
increment/decrement by any offset 
value, and they have automatic cir- 
cular buffer wraparound. 


The ADSP-2100 Assembler 
supports the easiest language in 
the business.So you codea 
rultiplication/accumulation 
the same way you'd write the 
original algorithm. For example, 
the algebraic R=R+ X*Y codes 
as MR = MR + MX0*MYO. 


iven 


eno 
time, 


TMS320(25 


can do 
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The TMS320C25. 


The TMS320C25 takes more than 
three times as long to compute the 
same size FFT, while it devours over 
47k bytes of memory.' 


© The TMS320C25 is limited to one 
access of external data every two 
cycles. 


© The only zero-overhead loop the 
TMS320C25 can execute is one 
instruction repeated no more than 
256 times. 


© Circular buffers? TheTMS320C025 
doesn’t support them. 


© The TMS320C25 is programmed 
with 133 mnemonics like SPAC, 
BGEZ,MACD, XORX, and SBRK. 

A multiplication/accumulation is 
coded as MACD >FF037-—. While 
this might not scare the XORX out 
ofyou, it’s not the easiest thing to 
debug or maintain. 


We're not saying the TMS320C25 is slow. But even if it were twice as efficient as it is now, it'd still be a lot slower at. 
DSP than the ADSP-2100. The fact is,the ADSP-2100 is out in front of the TMS320€25 in performance, readabilityof” 
code, and development tools. 

Just how far out front? Get our free technical booklet and read about it. Or better yet, 
get an ADSP-2100 sample kit for only $49.95 and see for yourself, To request either, call 
DSP Marketing at 1-617-461-3771. Lo 


. Belgium: @) 237 i672 Dern: ) 845800; fr rance ( 1) 4668-25-2 25; - Holland: (1620) $1500; Israel (052 9 91 14 if ai eo 6883831 er 
Sweden: (8)282740; Switzerland; (22) 3157 60; United Kingdom: (932) 232222; West Germany: (89) 570050. ‘EDN,“EDN’s DSP Bene 
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Andnow 
wit our 


The ADSP-2101 
® The ADSP-2101 builds on the 
ADSP-2100 architecture, so it’s 
upwardly code compatible. You 
can quickly port ADSP-2100 code 
to the ADSP-2101. Or use our 
C Compiler for a fast start. 10 
e The on-chip memory of the 


ADSP-2101 integrates 64k bits of 


the fastest SRAM available today 

with an architecture designed for 

signal processing. This allows the 

processor to fetch two operands @ 


and the next instruction on every 
cycle for sustained performance. 


e The ADSP-2101 has two full 
duplex serial ports, hardware 
companding, timer, low-power 
IDLE instruction, full-speed in- 
circuit emulator,and more. 


We're not saying all other DSP processors are slow and inefficient. But the ADSP-2101 is already enabling hundreds 
of DSP engineers around the world to create their next generation products. The fact is, our DSP processor family is out 
in front in performance, readability of source code,and development tools. 

Get the facts on the ADSP-2101 by sending in the reply card. Or better yet, call DSP Marketing at 1-617-461-3771 


and request a sample today. AN ALO G a 
DEVICES 


: Analog Devices, Inc.,One Technology Way, PO. Box 9106, Norwood, MA 02062-9106. Offices and applications support available worldwide. Austria: (222) 885504-0; Belgium: (8) 287 1672; 
"Denmark: (42) 845800; France: (1) 4666-25-25; Holland: (1620) 81500; israel: (52) 911415: Italy: (2) 6140977, (2) 6143484, (2) 6143459; Japan: (3) 263-6826; Korea: (2) 5543301; Sweden: (8) 282740; 
oe Switzerland: (22) 73157 60; United Kingdom: (932) 232222; West Germany: (89) 570050; US. andall others: (617) 329-4700. 
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offer dial-up scheduling, automatic 
retries, and alternate number dial- 
ing. 

Future developments promised by 
fax-chip vendors include new devices 
with footprints under 3 in.? and pow- 
er dissipations well under the 0.5-W 
maximum now required for note- 
book PCs. “Next to come, especially 
from major fax manufacturers in Ja- 
pan, is implementations of the V.17 
standards, which specifies a 14.4- 
kbit/s data rate,” says Exar’s Du- 
jari. “To meet this performance, the 
industry will use 2D compression, 
which compresses data in both the 
horizontal and vertical directions.” 
Furthermore, V.17 specifies a for- 
ward-error-correction mode to en- 
sure data integrity. 

Dujari says the color fax standard, 
which is still being finalized, will re- 
quire more complex hardware and 
software. It doesn’t, however, pose 
terribly difficult technical prob- 
lems—especially for a PC-to-PC ap- 
C t | H ith plication. Vendors also see no reason 

oun yourse in wl why future PCs can’t have voice ca- 
pability. Because a modem chip al- 


e 
the Wildcard 88™ ready has an analog-to-digital con- 
verter, a card could store digital 


voice messages as well as data. How- 


© Supports XT Turbo mode CPU ® Supports 8087 co-processor ever, memory capacity might be a 
clock speeds of 4.77, 7.15 and 9.54 operation (with socket) for high problem. 
: ie Pei Aaa , speed numeric data ier ae For instance, a telephone line has a 
agency Reduces XT parts count by 75% 6-kHz bandwidth. Taking 8-bit sam- 
© Supports up to 32K Bytes of © Supports up to 640K of system : 
onboard BIOS EPROM DRAM ples of a 3-kHz voice spectrum at the 
© Small 2” x4” form factor © Onboard sound generator Nyquist frequency of 6 kHz gener- 
® Bios available for easy integration supports speaker control ates 48 kbits/s. Without compres- 
® Onboard DRAM controller for © Improves total system reliability sion, the computer would have to 
easy system design © Reduces overall system costs and store 48 kbits for each second of 
© Onboard bus controller supports factory overhead speech. Applying 4:1 compression 
XT 1/O channel © Onboard Keyboard Controller would enable four seconds of speech 
Megatel is expanding the card the size of a business card. to be stored in the same space (com- 
Wildcard family to offer you For more information call us paratively, a page of faxed text now 
more development flexibility. today. takes about 34 kbytes of memory 
The Wildcard family offers Megatel Computer space). Users could decide the sam- 
the lowest cost, smallest Corporation pling frequency necessary to get the 
footprint solution for your XT 125 Wendell Ave., Toronto, desired speech quality within disk- 
class system. It integrates all Ontario M9N 3K9 capacity constraints. More advanced 
functions of the IBM PC, XT® (416) 245-3324 algorithms can deliver compression 
motherboard minus DRAM and _FAX (416) 245-6505 ratios much higher than 4:1 for voice 
DRAM drivers. All ona circuit Wildcard 88™ is a trademark of Megatel Computer Corp. applications.O 
IBM PC, XT are registered trademarks of \BM Corp. 
How VALUABLE? CIRCLE 
Mun: Mm e ate mus | | HIGHLY 541 
MODERATELY 542 
SLIGHTLY 543 
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When it comes to affordable DSP 
no one has it down like 
Analog Devices. 


e At 10 MIPS, the ADSP-2105 

is the fastest DSP inits price 
category, and it’s even faster than 
many other DSPs costing alot 
more. Plus the price is the same 
whether you buy 100 or 100,000. 


@ The ADSP-2105 builds on the high 
performance ADSP-2100 family architec- 
ture,soit’s code compatible. You can quickly 

~~~ port ADSP-2100 or ADSP-2101 code to the a ean oa eee : 
: g with our inexpensive 

ADSP-2105.Or use our C Compiler for a fast start. BZ-KIT acomplete software and hard: 


® Not only is the ADSP-2105 code compatible, ware design package. 


—_ Tntroducingthe ADSP-2105 
at only S90 each. 


it’s also pin compatible with the ADSP-2101. 
So it provides a complete upgrade path to 
higher performance. 


e The ADSP-2105 packs plenty onto 
one chip, including 1024 words of 
program RAM,512 words of data 
RAM, full serial port, hardware 

companding, timer and more. 


It’s easy to get the ADSP-2105 up 


Introducing a DSP that could only come from Analog Devices, the ADSP-2105. An exclusive because it com- 
pines the high performance of our ADSP-2100 family with an unprecedented price in DSP —just $9.90 each. So now 
you can consider the power of DSP ina host of new applications. 

Just how well does the ADSP-2105 combine low price with high 
performance? Find out for yourself by ordering our EZ-KIT from your local 
Analog Devices sales office today. Or call DSP AN ALOG 


Marketing at (617) 461-3771. 
DEVICES 
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LINE SCAN PROCESSOR CUTS 
INSPECTION COSTS IN HALF 


“Our DT2856 is the only processor 
board designed exclusively for 
EG&G Reticon, Loral Fairchild, 
and other line scan cameras.” 

--Fred Molinari, President 


Complete camera interface for PC AT 
Complete camera controls on boards 
20kHz to 20 MHz sample rate 
Up to 8K pixels per line 
Works with single or dual channel cameras 
Real-time processing 
Template matching for web inspection 
Run length encoding for fast measurement 
Binary compression 
Double buffered memory for fast data transfer 
10 MHz DT-Connect™ interface to auxiliary 
processors 
Compensates for lighting and sensor irregularities 
Gain & offset correction on pixel-by-pixel basis 
FREE software 
Setup/calibration utility 
Driver and library 


Quantity pricing available 


Fast 5-day delivery Applications 
™ Inspection 
Call for FREE Catalog Paper, Metals, Forest Products 


( 508) 48 1-3 /| 00 L Sao cane 


In Canada, call (800) 268-0427 


DATA TRANSLATION 


World Headquarters: Data Translation, Inc., 100 Locke Drive, Marlboro, MA 01752-1192 USA, (508) 481-3700, Fax (508) 481-8620, Tix 951646 
United Kingdom Headquarters: Data Translation Ltd., The Mulberry Business Park, Wokingham, Berkshire RG11 2QJ, U.K., (734) 793838, Fax (734) 776670, Tix 94011914 
Germany Headquarters: Data Translation GmbH, Im Weileren 10, 7120 Bietigheim-Bissingen, Germany 7142-54025, Fax 7142-64042 


International Sales Offices: Australia (2) 699-8300; Belgium (2) 466-8199; Brazil 11 240-0598; Canada (416) 625-1907; China (1) 513-7766 x1222; Denmark 2 274511; Finland (0) 3511800; France (1) 69077802; 
Greece (1) 361-4300; Hong Kong (5) 448963; India (22) 23-1040; Israel 52-545685; Italy (2) 82470.1; Japan (3) 502-5550, (3) 5379-1971; Korea (2) 718-9521; Netherlands (70) 399-6360; New Zealand (9) 415-8362; 
Norway (2) 53 12 50; Poland (22) 580701; Portugal 1-7934834; Singapore 338-1300; South Africa (12) 803-7680; Spain (1) 555-8112; Sweden (8) 761 78 20; Switzerland (1) 723-1410; Taiwan (2) 3039836 


DT-Connect is a trademark and Data Translation is a registered trademark of Data Translation, Inc. All other trademarks and registered trademarks are the property of their respective holders 
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ARCHITECTURAL MODELS ARE 
KEY TO SYSTEM-LEVEL DESIGN 


USE THE Top- 
DOowN METHOD 
WHEN 
DESIGNING 
COMPLEX 
SYSTEMS By 
USING LARGER 
BEHAVIORAL 
BUILDING 
BLOCKS 


PREM P. JAIN 

CAE Plus, 9300 Jollyville Rd., Suite 
106, Austin, TX 78759; (512) 338-0165; 
fax (512) 338-0165. 


functions can share components. 
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1. ARCHITECTURAL MODELS, which are integralto 


top-down design, use data abstraction to accurately capture the 
functions of hardware and software components. The models 
abstract implementation technology in the form of timing 
parameters and include arbitration schemes so that multiple 


ounting cost constraints and time-to-market pressures 

are forcing engineers to tackle increasingly complex 

electronic designs. And as designers strive to keep pace, 

their own methods are being reshaped by two ideas: con- 

current engineering and a top-down approach to design. 

The majority of electronic design engineers will use 

top-down methodology by 1995, predicts Dataquest, a 

San Jose, Calif., market researcher. Today, top-down 

methods are spreading to designing VLSI circuitry, 

board-level products, and other electronic systems that integrate hardware 

and software elements. In the future, electrical and computer-design engi- 

neers will become system engineers, spending most of their time working at 
the behavioral level. 

But just what is a top-down design methodology? How does it relate to 
concurrent engineering and how can typical engineering organizations apply 
it to common design applications? What are the important ingredients to 
make this approach work? First, some problems hardware designers face to- 
day will be examined, followed by a methodology that uses behavioral mod- 
els to implement a top-down approach to design. Also included is an example 
that shows how this approach works in designing a custom hardware archi- 
tecture for an image-processing algorithm. 

Architectural models are critical to evaluating designs before they’re im- 
plemented. Similar to behavioral models, architectural models differ in that 
they support component sharing. These models can self-check the order and 

timing of input signals to identify functional problems, 
which may result in timing errors. Architectural models, 
an integral part of top-down design, have four important 
properties (Fig. 1): 


e They accurately capture the functionality of hardware 
and software components using a high level of data ab- 
straction in data-flow form. 

e Architectural models abstract implementation technol- 
ogy in the form of timing parameters. The ultimate val- 
ues of these parameters determine a specific implemen- 
tation technology. 

e The models include arbitration schemes for sharing of 
components by multiple functions. 

e These models should be parameterized, typed, and re- 
usable. 


Baa ae 

The simulation models execute quickly, without sacri- 
ficing the accuracy required for cost and performance 
analysis. With system-level simulation employing archi- 
tectural models, designers can evaluate alternative sys- 
tem designs for functionality, performance, and cost 
trade-offs. 

By definition, concurrent engineering requires that 
design engineers, from the outset, consider all aspects of 
the product life-cycle. This encompasses conception 
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through disposal, including manu- 
facturability, quality control, cost, 
schedule, and user requirements. 
Historically, systems engineering 
used concurrent engineering to de- 
velop large-scale commercial and 
military systems, such as the space 
shuttle or B1B bomber. Unfortu- 
nately, systems engineering lacked 
integrated design-automation tools 
with simulation capabilities. The 
methods and engineering processes 
weren't formalized. 

Basically, the primary goal of con- 
current engineering is to execute 
various design tasks in parallel and 
to reduce design iterations (engi- 
neering change notices) resulting 
from manufacturing and reliability 
problems. The focus of concurrent 
engineering, therefore, must be ex- 
panded to address the issue of defin- 
ing system architecture, perhaps the 
most critical factor in terms of cost 
and performance. In most hardware 
designs, architectural problems are 
usually discovered when the costs to 
correct the flaw are prohibitive. The 
problem is never corrected, reducing 
the product’s lifespan. 

If concurrent engineering is to 
support the product-definition 
phase, the system engineering ef- 
fort must be anchored by formal de- 
sign methods and appropriate de- 
sign-automation tools. Top-down de- 
sign supports this effort because it 
lets designers develop system archi- 
tectures driven primarily by func- 
tional requirements. This approach 
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2. TOP-DOWN DESIGN methodology supports concurrent engineering by 


developing system architectures that are primarily driven by functional requirements. It’s 
also maintained by emphasizing codesign of hardware and software subsystems. 


also stresses codesigning hardware 
and software subsystems (Fig. 2). 
Because it incorporates evaluation 
and verification of designs at the sys- 
tem level, the top-down approach can 
produce optimal design specifica- 
tions, which are correct by construc- 
tion. The top-down paradigm aims to 
produce an optimal design specifica- 
tion, in block diagrams and state 
transition tables, for an electronic 
system that meets both functional 
and performance requirements. 
Top-down design provides a focus 
not only on design validation but also 
on evaluating alternative designs to 
optimize cost and per- 
formance trade-offs. 
So designers’ confi- 
dence and overall 
quality increase be- 
cause the total system 
has been abstracted 
using the input of ex- 
perienced software 
and hardware design- 
ers, and simulated at 
the system level be- 
fore implementation. 
The appearance of 
commercially avail- 
able logic-synthesis 
tools and hardware de- 
scription languages 
(HDLs) also helps fo- 
cus attention on top- 
down design tech- 
niques. Logic synthe- 
sis supports the top- 
down approach by 
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level functional specs are captured in data-flow form and 
component types are chosen to implement functions. 
DY iE) S$! ‘1. GaN 


‘ 3. IN INTERACTIVE system-level design, system- 


converting logic expressions into 
physically realizable gate-level de- 
scriptions. It also streamlines physi- 
cal implementation. In addition, 
these descriptions efficiently use en- 
gineering time and layout patterns. 

Logic synthesis supports a top- 
down design approach for generat- 
ing gate-level design and provides lo- 
cal optimization of logic expressions 
within a few clock cycles. But com- 
plex designs of several hundred 
thousand gates can benefit from 
global optimization through system- 
level simulation and analysis. In 
these situations, top-down design re- 
quires behavioral models that repre- 
sent both hardware and software 
components and use much higher ab- 
straction levels than the gate- and 
cell-level models used in logic syn- 
thesis. These models are needed to 
perform system-level electronic de- 
sign using commercially available 
system simulators. 

Why is most hardware control log- 
ic usually implemented in a dozen or 
sostates? And if the system becomes 
more complex, why is it typically par- 
titioned so that each segment can be 
implemented in the predefined num- 
ber of states? The reasons stem from 
the lack of a design methodology and 
supporting design-automation tools 
that smooth the transition from 


Requirements 


Develop data-flow graph 


System-level 
design 


Design specifications 


functional requirements to formal 
design specifications. 

System-level design using archi- 
tectural modeling helps make this 
transition by separating the con- 
cerns of functional requirements 
and design specifications. So the top- 
down approach offers a means for 
electronic-system designers to gen- 
erate design specifications with hun- 
dreds of states that could be imple- 
mented using a hierarchical and con- 
current finite-state machine (FSM). 

Top-down design implies that de- 
sign specifications are derived, pref- 
erably automatically, from function- 
al specifications. Moreover, func- 
tional specifications are the primary 
source of guidance in designing com- 
plex systems. Consequently, this ap- 
proach can reduce the typical ASIC 
system failure rate of 50%. Some of 
these failures are caused by inconsis- 
tencies between functional require- 
ments and design specifications. An- 
other potential benefit is the ability 
to develop efficient test waveforms 
to validate the design, and test vec- 
tors for manufactured parts. 

The current bottom-up approach 
for electronic-system design typical- 
ly begins with a schematic-capture 
system for design at the structural 
level. Once structure is determined, 
system behavior is captured with an 
HDL and simulated. With a top- 
down approach, the order of these 
two activities is reversed. Top-down 
design emphasizes a behavioral view 
of the application, not a physical or 
structural view. Of course, the top- 
down approach ultimately results in 
a structural or schematic represen- 
tation of the design. The point is that 
system architecture models are nec- 
essary in top-down design, just as 
structural models are necessary for 
a bottom-up design approach. 

To employ the top-down approach, 
designers must thoroughly under- 
stand the system’s functional re- 
quirements, which are captured as 
executable behavior specifications. 
Top-down design also requires fast 
and accurate behavioral models, 
such as architecture models, that 
contain the functional and the timing 
properties of the components needed 
to implement these specifications. 
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The performance of 
these system-level 
models can be simulat- 
ed by using system- 
level simulation soft- 
ware, such as the 
SES/workbench or 
Cadre’s ADAS or with 
a hardware descrip- 
tion language, like 
Verilog or VHDL. 
System-level simula- 
tion results offer a ba- 
sis for quantitative de- 
sign evaluation in a 
project’s initial stages. 
In the later phases, 
gate-level simulation 
is appropriate for de- 
sign validation. A uni- 
form design environ- 
ment throughout the 
design cycle enables 
designers to compare 
the results of simula- 
tions that are per- 
formed in the early 
and later stages of design. 

With the top-down methodology, 
engineers can evaluate different de- 
sign alternatives for a given set of 
requirements. This method also 
helps verify the correctness of a spe- 
cific implementation at a high level 
of abstraction. To validate the design 
at a high level of abstraction, timing 
properties must be evaluated early 
in the design process, not just at the 
later stages. 

In practice, a top-down approach 
establishes a parameterized system 
architecture and selects its optimal 
configuration parameters. Architec- 
tural models should also be param- 
eterized to support this approach. 
These configuration parameters de- 
termine which functions are imple- 
mented in hardware versus soft- 
ware. In this way, top-down design 
supports concurrent engineering of 
both hardware and software de- 
signs. Some examples of hardware- 
configuration parameters are the 
number, size, and speed of buses in 
the system, memory-access time, 
cache-line size, number of ports on 
register files, and communication- 
buffer sizes. Software configuration 
parameters include scheduler pa- 
D.E S I°6 
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4. THE 1990s will see a continuing upswing in the 
number of gates or components in a system, as the number 
of gates stretches to 1 million. With complex systems, 
designers can’t rely on intuitively analyzing the designs and 
trade-offs using traditional gate or cell-level models. 
Instead, they must use behavioral models adapted to 
complex models. 


rameters, such as task priority, gar- 
bage-collection interval, maximum 
allowed CPU time for a program; 
and memory-management parame- 
ters, such as page size, file allocation 
to disk sectors, and segment size. 
Communication-configuration pa- 
rameters include time-out interval, 
fragment size, and protocol-related 
parameters for error handling. 


SysTEM-LEVEL DESIGN 


Electronic design of systems is 
traditionally ad hoe and manual— 
that is, without system-level design 
tools. The resulting architectures 
are thus derived mostly from the 
hardware engineer’s experience. 
Most designers don’t have a good 
feel for the quality and performance 
of system-design specifications due 
to the lack of a quantitative evalua- 
tion environment. System-level sim- 
ulation using architectural models, 
the first step in top-down design, of- 
fers this type of design environment. 

It’s essential to identify the needs 
of complex-systems design and de- 
fine properties of the behavioral 
models (architecture models) needed 
to support this task. The primary 
task in electronic-system design is to 
Mf 59 | 


develop a system architecture that 
will meet functional, performance, 
and cost goals. As mentioned earlier, 
the cost impact of design decisions 
made at the architectural level is 
much greater than decisions made 
during physical implementation. 
With the rise in design complexity, 
manual methods must be replaced by 
formalism, architectural models, 
and system simulation. These steps 
will improve time to market, design 
quality, and system performance. 

In interactive system-level design, 
system-level functional specifica- 
tions are captured in data-flow form 
and components types are selected 
to implement various functions (Fvig. 
3). Subsequently, the architecture is 
optimized to reduce the cost and to 
increase performance. This optimi- 
zation process involves grouping 
functions that can share physical in- 
stances and designing controllers to 
arbitrate use of these instances by 
various groups of functions. In gen- 
eral, designing controllers means 
changing the component selection 
type and requires iteration among 
these tasks. 


The component architectural mod- 
els used in system-level design need 
to support component-sharing, 
represent functionality at a high 
level of data abstraction, and rep- 
resent time accurately. 


Complexity, measured by the 
number of gates or components in a 
system, will keep increasing in the 
1990s. Electronic-system designs 
have grown more complex during 
the last four decades and the behav- 
ioral model has evolved accordingly 
(Fig. 4). As these systems become 
more complex, designers are less 
able to intuitively analyze designs 
and make trade-offs using tradition- 
al gate- or cell-level models. Pres- 
sure to reduce time-to-market in- 
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5. A CONVEX-hult-algorithm design 


illustrates top-down design in a 
computationally intensive image- 
processing algorithm. The algorithm 
determines the image data’s hull points. 
As shown in the algorithm, the angle of 
all image data to the point on the hull is 
computed repeatedly. The lowest angle 
point is selected to be the next hull point, 
and the process is repeated. 


volves using larger building blocks, 
even at the expense of performance, 
to develop complex designs. Larger 
building blocks usually require the 
input and output ports to be shared, 
and include multistate behavior. 


Modeling primitives that represent 
the design at the architectural level 
need to support sharing of I/O 
ports and multistate behavior. 


Using architectural models is sig- 
nificant because they will reduce de- 
sign space to a manageable level— 
very similar to the transition from 
transistor-level design in the 1960s to 
gate level in the 1970s (Fig. 4, again). 
In addition, architectural models 
must be implemented in a computa- 
tionally-efficient manner so that sys- 
tem-level simulation is completed in 
reasonable time. Architectural mod- 
els with system simulation capability 
provide a computer-aided, top-down 
design environment, which helps to 
formalize the design process. Initial- 
ly, the design in this environment can 
be represented concisely and then 
can be refined at higher levels of res- 


MARCH 28, 1991 


olution as the project progresses. 

Most applications require flexibili- 
ty, which is typically implemented in 
software. But implementing repeti- 
tive and well-defined functions in 
hardware often results in better per- 
formance. Specialized hardware can 
be developed for a custom applica- 
tion, usually in the form of ASICs. 
These designs require concurrent 
engineering of hardware and soft- 
ware modules. 


Architectural models of electronic 
systems should represent the be- 
havior of both hardware and soft- 
ware implementations of specific 
functions. 


CoNVEX-HULL EXAMPLE 

To illustrate the top-down ap- 
proach, consider the design of a 
hardware system to implement a 
computationally-intensive, image- 
processing algorithm. The algorithm 
determines the image data’s hull 
points (Fig. 5). As shown in the algo- 
rithm, repetitive angle computation 
of all image data to the point on the 
hull is necessary. The lowest angle 
point is selected to be the next hull 
point and the process is repeated. 

Angle computation is typically im- 
plemented in software, which pro- 
vides satisfactory performance for 
interactive applications. However, 
this computation must be finished in 
16.66 ms (frame speed) to support 
animation applications. This algo- 
rithm example describes a hardware 
implementation of the angle-compu- 
tation portion of the algorithm and 
the performance characteristics of 
two alternative hardware design so- 
lutions. The rest of the algorithm, 
which downloads the image data in 
the RAM and uploads the hull points 
from the RAM, is still implemented 
in software. 

The design objective is to evaluate 
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alternative hardware architectures 
to compute the angle and to verify 
the design’s functional and timing 
properties. Alternative architec- 
tures are evaluated through system- 
level simulation to determine the 
cost-performance trade-offs in- 
volved, such as number of buses, 
RAMs, and divide chips. This ap- 
proach is based on behavioral model- 
ing and simulation using an architec- 
tural library of component models. 
All component models were based on 
data-book specifications of compo- 
nents from major IC manufacturers. 

A pipeline architecture using mul- 
tiple buses was selected to maximize 
throughput. Two different architec- 
tures were simulated for perfor- 
mance and functional evaluation 
(Fig. 6). The primary differences be- 
tween the two designs are the num- 
ber of buses and components dedi- 
cated to processing of angles in the 
the convex-hull algorithm. The num- 
ber of components determines the 
number of angles computed per unit 
time. It’s assumed that scheduling 
depends on data values. 

The procedure to develop a hard- 
ware design for the convex-hull algo- 
rithm illustrates the top-down ap- 
proach, as follows: 


1. First, generate a data- 
flow graph. 

2. Next, select required 
components from the 
component library. 

3. Abstract timing prop- 
erties. 

4. Build architectural 
models of these compo- 
nents. 

5. Map functions in the 
data-flow graphs to these 
component models. 

6. Evaluate simulation 
results to determine sys- 
tem performance and 
component utilization. 


Alternative architec- 
tures are evaluated 
through iteration in steps 
5 and6. 

The top level of the 
SES/workbench simula- 
tion model for the angle 
computation illustrates 
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the mapping of functions to compo- 
nents (Fig. 7). Each component in- 
stance is contained in a submodel 
(the next level in the hierarchy), and 
can be referenced from the top level 
of the hierarchy. The algorithm that 
calculates the coordinates of the im- 
age is contained in the submodel 
hull__grf (Fig. 8). 


SIMULATING BEHAVIOR 

The hull _grf submodel captures 
functional behavior to represent an- 
gle computation. It includes logical 
references to the physical instance 
graph for the second architecture. 
Four coneurrent RAM accesses are 
made for the X and Y coordinates for 
both the hull point and an image 
point (represented by the subgraphs 
ram._11, ram__71, ram-_31, and 
ram_ 41). After RAM access, these 
data values are transferred on their 
respective buses: bus__11, bus__21, 
bus__31, and bus__41. These values 
then arrive at ALU__11 and 
ALU__21 for arithmetic computa- 
tion. After computation, the values 
need to access the bus again. 

All bus transfers refer to bus__1 
and bus__2. However, bus conflict 
needs to be resolved. Because this is 
a pipeline design, new angle compu- 


MARCH 28, 1991 


tation starts before the computation 
of the previous angle is completed, 
and can result in bus-allocation con- 
flict for multiple angle computa- 
tions. Similar conflict could arise in 
the sharing of ALUs and RAMs. 

Different architectures are con- 
structed merely by changing the ref- 
erenced component graph name. 
Component mapping requires a de- 
signer’s experience, intuition, and 
creativity. The resulting system ar- 
chitecture depends directly on com- 
ponent mapping and determines the 
final design’s overall cost and per- 
formance. In general, an optimal 
mapping algorithm takes extensive 
computational time, which increases 
exponentially with design size. 

The architectural model of the 
ALU is represented graphically in 
SES/workbench (Fig. 9a), and textu- 
ally in Verilog (Fig. 9b). Both models 
are based on data for the SN74S381 
from Monolithic Memories Inc., San- 
ta Clara, Calif. They initially check 
availability of the input signals for 
the computation and then the avail- 
ability of the ALU itself. Afterward, 
they compute the actual function. 

The ALU model computes various 
arithmetic and logic functions. The 
Function-Select signal determines 


6. TO IMPLEMENT the algorithm, a pipeline architecture using multiple buses was chosen to 
maximize throughput. To evaluate performance, two architectures were simulated (a and b). The two 
designs differ in the number of buses and components to process the convex hull algorithm. These 
numbers change the amount of angles computed per unit time. Scheduling depends on data values. 
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hardware at the 
chip or board level 


Global hull_dec! bus_1 bus_2 bus_3 
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7. THE TOP LEVEL in the SES/workbench simulation 
model for angle computation illustrates function mapping to 
components. Each component instance, contained in a 
submodel (the next level in the hierarchy), can be referenced 


from the top level of the hierarchy. 


which function will be executed. The 
model provides s__del and f__del as 
parameters to represent the execu- 
tion times for these two operations. 
In general, different ALUs have dif- 
ferent parameter values. 

System-level simulation deter- 
mines the computational time under 
the four scenarios described earlier 
in the algorithm for both architectur- 
al designs (Tables 1 and 2). 

These results bring out the cost/ 
performance trade-offs for the two 
system architectures. The system 
design in Architecture 2 costs about 
50% less than Architecture 1 because 
it has fewer components that are 
more highly utilized, as in dy < 0. 
But what about performance? In Ta- 
ble 1, angle computation time was 
used as a performance metric. The 
simulation results show that Archi- 
tecture 2’s overall performance was 
70% of Architecture 1, with an even 
higher percentage under certain con- 
ditions. Conversely, Architecture 1 
has 31.8% higher throughput (num- 
ber of angles computed per unit of 
time) than Architecture 2. 

In general, the convex-hull exam- 
ple shows how a computationally-in- 
tensive, signal-processing algo- 
rithm—traditionally implemented in 
software—can be implemented in 
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to enhance perfor- 
mance to support 
animation applica- 
tions. Specifically, 
this example de- 
scribes an architec- 
tural model of an 
ALU, which repre- 
sents functionality 
using ‘‘c”’ data 
structures in SES/ 
workbench and be- 
havioral language 
in Verilog. This 
model represents 
timing as parame- 
ters s_del and 
f_del, whose val- 
ues determine a 
specific type of 
ALU. It also illus- 
trates component 
sharing among 
multiple functions, which is imple- 
mented by wait statements in Veri- 
log and use of the Block node in SES/ 
workbench. 

The hull example also illustrates 
the utility of the architectural mod- 
els in the rapid construction and eval- 
uation of alternative architectures 
for the application. These architec- 
tural models were constructed and 
evaluated in less than two weeks. 

The representation of software 
and hardware behavior in data-flow 
form is reflected in this example. The 
algorithm requires downloading the 


bus_4 alul 


ram_3 


divi ram_4 


image point in the RAM and upload- 
ing of the computed hull points from 
RAM, which are performed in soft- 
ware and represented using the 
same data-flow form. 

This approach provides a basis to 
quantitatively evaluate a design im- 
plementation using custom hard- 
ware or software that executes on a 
system with or without a floating- 
point processor. The time to compute 
the hull coordinates for an image 
with 512 image points and 50 hull 
points took 15 ms for architecture 1. 
This same computation would take 
90 ms in software running with a 
floating-point processor and 700 ms 
with software without a floating- 
point processor. 


A WorKING APPROACH 

The design approach in the con- 
vex-hull example has been used by 
CAE Plus and other companies, such 
as AT&T, DEC, NCR, and Texas In- 
struments, for performance analysis 
of large-scale software and hard- 
ware systems. CAE Plus developed 
an architectural model library of 
software, hardware, and communi- 
cation components, including the 
Network File System, Ethernet, 
Sparc, and MIPS RISC microproces- 
sors, plus such buses as VME and 
MBUS. The company applied the top- 
down methodology by using these 
models in designing new systems 
and debugging existing designs of 
complex electronic systems. 

Top-down design methods are 
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a 8. IN THE ALGORITHM’S ses/workbench model, the algorithm that calculates 
the image coordinates is contained in submodel hull_grf. 
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widely discussed but rarely imple- 
mented because the concept and or- 
ganizational issues are somewhat 
unclear. Typically, architectural 
modeling saves money for an engi- 
neering organization, following an 
initial transition period or learning 
curve. The payoff is the reduced 
number of design flaws that could 
result in redesign, manufacturing it- 
eration, or shorten product lifespan. 

However, the top-down approach 
requires that electrical and comput- 
er engineers change their view of the 
design process. Because the top- 
down approach emphasizes behav- 
ior, designers will spend more time 
at this level rather than on physical 
implementation. Generating design 
specifications from functional re- 
quirements involves much creativ- 
ity. Working with control and data 
flow among logical components is 
unfamiliar territory, underscoring 
the need for education and training. 
There is a lack of formal courses in 
top-down design. 

The top-down approach supports 
codesign of hardware and software. 
It also offers an opportunity to reex- 
amine the traditional and fictitious 
boundaries between hardware and 
software engineering disciplines. 

Successfully implementing a top- 
down design approach also requires 
aset of CAE tools that communicate 
with each other. Specialized in-house 
and third-party software tools for 
electronic-system design are driving 
the need to integrate these tools 
within a unified framework. Tool in- 
tegration is necessary for designers 
to traverse multiple levels in the de- 
sign process from architectural mod- 
eling to layout. A common hardware- 
description language, such as Veri- 
log or VHDL, enhances the capabili- 
ty to synthesize physical 
implementation of the design from 
design specification. This ability en- 
ables designers to work at the behav- 
ioral level of abstraction where le- 
verage in the design cycle is great- 
est. It’s also extremely beneficial in 
manufacturing general-purpose and 
custom integrated circuits. 

The top-down approach takes a 
component-oriented view to design- 
ing complex electronic systems. En- 
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9. THE ARCHITECTURAL MODEL of the ALU in SES/workbench and the 


same component model in Verilog are based on data for the SN74S381 from Monolithic 
Memories. Both models first check the availability of the input signals for the computation, 
then the ALU’s availability. Next, they compute the actual function. This flow is represented 
graphically in SES/workbench (a), and textually in Verilog (b). 


gineering organizations must devel- 
op a library of logical components, 
like those used in the example, so 
that they can be shared or reused in 
other design projects. The convex- 
hull architectural model required 
about two engineering weeks to de- 
velop using the component library.O 
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selaer Polytechnic Institute, Troy, 
N.Y. 


Acknowledgment: 

The convex-hull example is from re- 
search conducted by Nehal Desai. 
The author would like to thank John 
R. Mannix for his help in preparing 
this article. 


MARCH 28, 1991 


DES I 


References: 

Desai, Nehal. Architecture models 
for hardware design, Master’s 
thesis. University of Texas at Aus- 
tin, Dec. 1989. 

Jain, Prem P., and Peter Newton. 
Putting Structure Into Model- 
ing. Summer Simulation Confer- 
ence, July 1989. 

Prem P. Jain, S. Deshpande, CAE 
Plus; C. Shippee, D. Wiedman, and 
B. Keith, Digital Equipment 
Corp.; NFS Performance Model, 
DEC 21st Conference on Modeling 
and Simulation, May 1990. 


How VALUABLE? CIRCLE 
HIGHLY 544 
MODERATELY 545 
SLIGHTLY 546 
CAN 


DC-DC CONVERTER 


Designed and Built for Reliability 
Rugged: / 
—Low Internal Températures 
—Low ComponentCount 
—Withstands 5000g 
—Welded Hermétic Package 
—Remote Shutdown and Sense 


28V to 5V, Single Output 


Full Output Power for 
T. = -55°C to 125°C (No Derating) 


Wide Continuous Supply Range 
16 to 50 volts 


High Power Density 20W/in?  / 


1 
B arex 4542 The Competition 


28 volt 704D Design 


Digital Circuit Power Supply High Current, Low Voltage 
Analog Circuits 


Parallel Redundant Operation 


PATENT PENDING Isolated Instrumentation 


/ 
APEX...RELIABILITY BY DESIGN 


To Place An Order Call PEX 
i tech 


DEDICATED TO EXCELLENCE 


To receive 

your copy of our 
High Performance 
Amplifier Handbook 
please call toll free 


For Applications 
Assistance Call 


CIRCLE 118 


OUR SALES ARE UP! 


There Must Be Reasons. 


REASON NO. 1: 


The largest line of 
enclosures in the 
industry. .. meeting 
any need. 


REASON NO.2: 


Local inventory 
and support 
means fast 
service and 
delivery from 
our nationwide 
network of 
the finest 
istributors. 


REASON NO.3: 


Our Distributor 
Network is second 
to none. 


REASON NO.4: 


Bud VALUE eliminates 
waste. Don’t down- 
grade your product 
with cheap substitutes. 


REASON NO.5: 


When you go with the 
best, you are the best. 


These are only a few of the hundreds of reasons to buy Bud. Call, FAX 
or write today for a complete catalog and the names of your local 


Bud Distributors. 

Bud East, Inc. Bud West, Inc. 

4605 East 355th Street 7733 West Olive Avenue 
PO. Box 431 PO. Box 1029 


Peoria, Arizona 85345-0350 
(602) 979-0300 
FAX: 602-878-5371 


Willoughby, Ohio 44094 ~ 
(216) 946-3200 
FAX: 216-951-4015 


Bud Industries, Inc. 


CIRCLE 89 


A Ss) PE 


PIPS” 


CIAL E 


Pit oO REAL 


Fle Ac wR Ee 


INTERCONNECTIONS @ PASSIVES ¢ SWITCHES @ RELAYS 


ELECTRONIC Design 


Suppress EMI/RFI From The 


BY 


RONALD 


Choice of logic speed, layout, and multilayer 
design help pc boards meet specifications. 


Instrument Specialties Co. Inc., Delaware Water Gap, PA 18327-0136; (717) 424-8510. 


uppression of high-fre- 

quency radiation, as it re- 

lates to computer design, 
reflects present government re- 
quirements as well as the indus- 
try’s technological and commer- 
cial evolution. Also referred to 
as electromagnetic or radio-fre- 
quency interference (EMI/ 
RFI), radiation from commer- 
cial equipment is governed by 
the FCC under Part 15, Subpart 
J, which applies to digital de- 
vices and systems that use tim- 
ing signals with frequencies 
greater than 10 kHz. 

Military equipment is subject 
to MIL-STD-461, which in- 
cludes susceptibility require- 
ments in addition to radiation 
limits. Forthcoming European 
CENELEC (Community Euro- 
pean Normalization Electro- 
technical) standards will also 
contain susceptibility require- 
ments similar to the current 
VDE standards (Fig. 1). 

Commercial requirements 
limit the amount of RF noise 
that business- and home-com- 
puting devices may impart to 
electrical-power systems, as well 
as radiated energy that can in- 
terfere with other electronic 
equipment. If compliance with 
radiation requirements plagues 
manufacturers, it’s typically be- 
cause they haven’t factored it 
into system design. Develop- 
mental testing is critical to meet- 
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1. Radiated emission 
limits are shown for 
FCC Part 15 J(B), 
VDE0871(B), VCCI(2), 
and MIL-STD-461C. All 
limits have been nor- 
malized to a 3-meter 
measurement dis- 
tance. 


100k 


ing both regulatory standards 
and performance specifications. 

Radiation emitted by elec- 
tronic devices results from dif- 
ferential- and common-mode 
currents. In semiconductor de- 
vices, differential-mode cur- 
rents flowing synchronously 
through two separate loops pro- 
duce radiating electromagnetic 
fields. One type of loop is formed 
by the printed-circuit-board 
traces or rails that supply power 
to the semiconductor devices. 
Another type is created by the 
logic signals transferred from 
one device to another, which re- 
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turn by means of the power-dis- 
tribution rails. 

In contrast, common-mode 
radiation results from voltage 
drops in the system that create 
common-mode potential with 
respect to ground. Moreover, 
parasitic capacitive coupling, a 
difficult-to-control phenome- 
non occurring between conduc- 
tive materials, makes external 
cables act as antennas. 

Radiation from current loops 
in the far field may be calculated 
as follows: 

E= 1.316(f X AX DU/D(/ 
SE) sin 8 
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A = peak amplitude of pulse 


A; = area under pulse in A-.s or A/MHz 
7 = average pulse duration in .s 
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Cosine squared 


where: 


@ Eis volts/meter 

@ fis the frequency in MHz 

e A is the radiating-loop area in 
cm? 

e Tis the current in amps 

© r is the measurement distance 
in meters 

eSE is the shielding-effective- 
ness ratio 

© Sin 6 is the angle of the mea- 
suring device in relation to the 
plane of the radiating loop, 
which in the worst case equals 
one. 


This equation must be modi- 
fied to calculate emissions for 
regulatory agencies, most of 
which call for measurements to 
be performed over a ground 
plane rather than in free space. 
Because in-phase ground reflec- 
tion can add as much as 6 dB to 
the measurement at higher fre- 
quencies, the equation should be 
multiplied by a factor of two. 

Therefore, the radiation emit- 
ted by an unshielded 100-cm? 
loop carrying 8 mA of current at 
30 MH zat a distance of 3 meters 
is 315.84 wV/meter, or 50 
dBuV/meter. This result is 
more than three times the per- 
mitted FCC level of radiation 
for a Class B residential comput- 


~ 100/ 
Frequency (MHz) 


10°/- 


ing device (Fig. 1, again). The 8- 
mA current is typical for a single 
logic device and associated wir- 
ing on a small printed-circuit 
board. 

The calculation assumes a 
single-frequency sine wave, 
whereas most digital devices 
produce square or trapezoidal 
waves that contain an infinite 
number of sine-wave harmonics. 
Therefore, the Fourier series of 
the current must be determined 
to solve the equation for the var- 
ious harmonic levels using: 


I(n) = 


I | sin(0.5n P| ie a t(r)/T 


0.5n a na t(r)/T 
where 
eI is the peak-to-peak ampli- 
tude of the wave 
@ T(r) is the rise time 
 T is the period 


® nis the harmonic number 


This equation yields the har- 
monics amplitude envelope for a 
symmetrical trapezoidal wave. 
From 1/m7T to 1/mTr, harmon- 
ics decrease at a rate of 20 dB/ 
decade of frequency. Beyond 
that, they decrease at 40 dB/ 
decade. Significantly, rise time 
determines energy in the latter 


10*/> 10°/- 


2. This chart com- 
pares the EMI charac- 
teristics of analog, 
low-speed digital, and 
high-speed digital log- 
ic. 
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range. The frequency factor in 
the equation must account for 
this increase. 

The increases in EMI brought 
on by. the evolution from analog 
to high-speed digital logic can be 
graphically depicted (Fig. 2). 
The cosine-squared pulse with a 
slope of -60 dB/decade repre- 
sents analog equipment, the 
trapezoidal shape with a slope of 
—40 represents low-speed digi- 
tal, and the rectangular pulse 
with a slope of —20 represents 
high-speed digital logic. 

Combining the first and sec- 
ond equations shows that be- 
cause the radiating efficiency of 
the loop is increasing, the emis- 
sion levels increase at 20 dB/ 
decade with frequencies from 1/ 
aT to 1/mTr and plateau above 
this frequency. It also illustrates 
the direct correlation between 
rise times and radiated emis- 
sions and maintenance of in- 
creased amplitude in the higher 
frequency ranges. 

The faster the logic speed, the 
more difficult it is to control ra- 
diated emissions. Generally 
speaking, the threshold to major 
interference problems lies at SO 
MHz. The trend, however, con- 
tinues to move toward higher 
frequencies. The fundamental 
frequency is 3 MHz for CMOS, 
30 MHz for TTL, 150 MHz for 
ECL-10K, and 400 MHz for 
ECL-100K. But the harmonics 
of these devices can be 10 to 100 
times greater in frequency than 
their fundamentals. And galli- 
um arsenide devices now being 
used in sophisticated military 
applications operate at 4000 
MHz—with some experimental 
applications running at more 
than 18,000 MHz. 

Because the choice of logic 
family determines both operat- 
ing current and frequency, 
board designers should select 
the lowest possible operating 
frequency and current consis- 
tent with the system’s perfor- 
mance requirements. For exam- 
ple, TTL drivers use bipolar npn 
transistors that can create un- 
even current in the ground rail, 
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which results in EMI. More- 
over, acute high-to-low transi- 
tions impart high-frequency en- 
ergy to the negative supply rail, 
thereby producing emissions. 
Using CMOS instead of TTL 
means designs with much lower 
EMI levels. Earlier generations 
of CMOS, such as the 4000 se- 
ries, generated much lower EMI 
levels because the MOSFET 
semiconductors used to switch 
voltage had higher impedance 
than bipolar devices. Asa result, 
they lost drive capability as the 
output voltage approached the 
supply rails. This effectively 
rounded the waveform which, in 
turn, rolled off high-frequency 
harmonics. 

But today’s high-speed 
CMOS families, such as 74HC, 
incorporate lower-impedance 
output devices. Concurrently, 
higher operating speeds give rise 
to contention, a phenomenon 
that results from periodic, syn- 
chronous operation of P- and N- 
channel devices during logic 
transition. This condition can 
create a pulse in the supply-rail 
current, making HC logic even 
more of an EMI problem than 
equivalent TTL logic. 

Contention also occurs when 
many devices access a bus at 
once. This can be controlled by 
careful design of the bus struc- 
ture and timing elements. 

A basic tenet of electromag- 
netic-compatibility (EMC) en- 
gineering is to suppress interfer- 
ence at its source. By dramati- 


Low frequency 


When high-frequency signals 
leave the pc board 


3. High-frequency de- 
vices should be segre- 
gated from low-fre- 
quency units and posi- 
tioned as close as 
possible to the back- 
plane and connectors 
when their signals 
leave the board. Con- 
versely, they should 
be positioned as far 
as possible from the 
backplane and con- 
nectors when high-fre- 
quency signals don’t 
leave the board. This 
reduces the effects of 
Capacitive and induc- 
tive coupling and 
helps prevent low-fre- 
quency circuits from 
being contaminated 
by high-frequency cir- 
cuits. 


Very basic pc-board layout 


Radiation from a small loop 
located in the far field 


E=13XAX1X F/(DX§) 


where: 


© Eis .V/meter 


© Ais square centimeters 


© lis amperes 
© Fis megahertz 
¢ Dis meters 


© Sis shielding as a ratio 


cally reducing radiating-loop ar- 
eas, large-scale ICs can offer as 
much as a 90-dB improvement 
in interference levels compared 
with discrete transistors. A typi- 
cal pc board, however, contains 
numerous ICs, each of which 
may contain thousands of tran- 
sistors. So a board with 20 DIPs 
may have as many as 20,000 in- 
dividual sources of interference, 
each with its own associated 
loop that acts as one, coherent 
broadband emitter. As a result, 
interference levels reduced by 
using LSIs is lost. 

To minimize these radiating 
loops, specific functional cir- 
cuits should be confined to the 
smallest possible area, especially 
on multifunction boards that 
combine digital, analog, or 
mixed-logic devices. High-fre- 
quency devices and their associ- 
ated circuits should be segregat- 
ed and positioned so as to reduce 
the effects of capacitive and in- 
ductive coupling (Fig. 3). This 
will help prevent contamination 
of low-frequency circuits by 
high-frequency currents. 

The signal clock is generally 
the highest-frequency device in 
a system, and the logic devices 
are synchronized to it. As a re- 
sult, clock-synchronous systems 
concentrate the energy of every 
logic device into narrow fre- 
quency-coherent components 
that combine to create radiation 
levels higher than any individual 
device can create. 

As the trend continues to- 


Low frequency 


When only low-frequency signals 
leave the pc board 
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ward faster rise times and higher 
fan-out, system designers 
should make a concerted effort 
to use clocks that draw the least 
amount of current and still per- 
form satisfactorily. Other crite- 
ria for suppression include slow- 
er rise times that yield weaker 
harmonics and operation over a 
narrow frequency range. 

The negative connection to 
the power supply, or ground, is 
critical to clock design. Because 
wires and traces at RF act as in- 
ductors rather than short cir- 
cuits, this connection should be 
a very low impedance. Although 
inductance varies with width 
and proximity to metal objects, 
20 nH/in. is a good working esti- 
mate. At 100 MHz, the imped- 
ance of a 1-in. trace inductance 
would range from 10 to 202. 

Inductive grounds, as in the 
case of a TTL inverter used to 
buffer a clock, can generate 
emissions. As it sinks more cur- 
rent than it sources, the inverter 
pulses current back through the 
ground rail. This creates a po- 
tential difference between the 
power supply and the gate 
ground pin, as well as RF volt- 
age on the chip. 

A 20-MHz TTL inverter at 
full fan-out produces some 200 
mV of RF potential between the 
power-supply return and the 
clock-driver ground. When 
routed to other devices on the 
board, such as I/O drivers, the 
clock-driver ground can radiate 
emissions up to 20,000 1V/m at 
3 meters, which is more than 200 
times the FCC Class B limits. In 
addition, the circuit’s outputs 
feed RF voltage to I/O cables, 
which also radiate noise. 

The board designer not only 
must reduce the magnitude of 
the pulses fed back into the sup- 
ply, but also must lower supply- 
rail impedance. Although con- 
venient and economical, pre- 
packaged clock oscillators ex- 
hibit fast rise times and high fan- 
out. Because of differences in 
design, some oscillators produce 
faster, higher-current signals 
than others, and the RF noise 
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levels may vary by as much as 20 
dB for equivalent clocks from 
different manufacturers. Inves- 
tigating alternatives and match- 
ing clock capabilities to the ap- 
plication facilitates low-EMI 
designs. 

CPUs with integral oscilla- 
tors can help designers avoid 
overpowered clocks and save 
board space. Moreover, on-chip 
oscillators operate at lower pow- 
er, and because they’re segregat- 
ed within the processor, they 
have significantly smaller radi- 
ating-loop areas. 

Use of ferrite beads on high- 
frequency leads, such as exter- 
nal clock leads, can also help 
suppress electromagnetic inter- 
ference. The beads can roll off 
offensive high-frequency har- 
monics without degrading data 
transmission. Typically rated at 
5 to 10 wH, they produce higher 
impedances at RF than com- 
monly used 22-to-47-Q damp- 
ing resistors. And unlike broad- 
band damping resistors, they’re 
frequency-selective. 

A six-hole ferrite bead can ac- 
commodate a range of frequen- 
cies in 2-1/2-turn, 1-1/2-turn, 
and straight-through configura- 
tions. Clock frequencies from 
500 kHz to 2 MHz call for the 
higher impedance afforded by 2- 
1/2-turn configurations with 
the bead located as close as pos- 
sible to the output. Frequencies 
of 2 to 10 MHz require 1-1/2 
turns. Above 10 MHz, the wires 
are run straight through the 
bead. Impedance increases with 
inductance—hence the number 
of windings—and should be lim- 
ited at higher frequencies to pre- 
vent degradation of system per- 
formance. 

Ferrite beads tend to saturate 
under high current. This limita- 
tion can be remedied by using 
split configurations to lessen 
their permeability. 

Using adjacent leads for clock 
signals and returns on pc boards 
can help reduce the area of 
clock-radiating loops, but re- 
quires larger boards. Because 
the interrelationship between 


the loop area and drive current 
results in a large RF signal, it’s 
important that the designer min- 
imize loop areas created by ad- 
dress, data, and other signal 
leads. The loop areas required to 
generate RF levels equal to the 
FCC Part 15J/B limit for cur- 
rents of 1 mA and 100 mA can 
be graphically depicted (Fig. 4). 

Another important factor in 
EMI-suppression design is pow- 
er-supply and return imped- 
ance. As noted, traces have sig- 
nificant impedance at RF, 
which varies inversely with their 
width. However, a ground 
plane’s impedance is limited to 
the material’s surface resistance. 

Because of skin-depth effects 
from the material’s inductance, 
the impedance of a 1-oz. copper- 
foil ground plane at frequencies 
higher than 10 MHz increases 
proportionally with the square 
root of the frequency. Below 10 
MHz, where it’s largely resis- 
tive, changes in frequency have 
little effect on the overall imped- 
ance. In contrast, inductive re- 
actance of a 1-mm-wide, 1-oz. 
foil trace, which increases in di- 
rect proportion to frequency, 
can yield impedances ranging 
from two to four orders of mag- 
nitude greater than those of a 
ground plane at higher frequen- 
cies. 

Consider, for example, con- 
necting two low-level devices 
with 1-mV sensitivities toa 1-oz. 
copper-foil power supply and re- 
turn plane. Such a plane would 
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4. This chart corre- 
lates maximum loop 
area in square centi- 
meters and the FCC 
Part 15J(B) limit for 
radiated RF at 1 mA 
(a), 10 mA (b), and 
100 mA (c) of current. 
The measurement dis- 
tance is 3 meters. 


5. Power-rail imped- 
ance, which degrades 
logic performance, in- 
creases with frequen- 
cy and separation dis- 
tance. Three configu- 
rations are depicted: 
Two parallel planes in 
a multilayer board 
(a), a single trace 
over a ground plane in 
a multilayer board 
(b), and two parallel 
traces on a single-sid- 
ed board (c). 


UT 


have an impedance of 840 uw. A 
switching current of 100 mA, 
therefore, would result in a volt- 
age drop of just 84 »V and no 
EMI problem. Under the same 
conditions, a 1-mm-wide, 10- 
cm-long trace would have an im- 
pedance of 20 m2 for a voltage 
drop of 6 mV, well above the 
sensitivity level of the devices. 

The upshot is that using a 
ground plane on a single-sided 
board or sandwiching power 
and ground layers in a two-sided 
board can dramatically reduce 
emissions by supplying a low- 
impedance return. If it’s imprac- 
tical to incorporate a ground 
plane into the board, then posi- 
tioning a metal plate or foil un- 
der it will serve the same pur- 
pose. That’s because trace in- 
ductance varies with proximity 
to a ground plane as well as with 
its length and width. Mylar with 
foil on one side and adhesive on 
the other can simplify this pro- 
cedure. 

Another approach is to ar- 
range grounds in a grid pattern. 
For example, the corner-to-cor- 
ner impedance of a 10-by-10-in. 
board with a single edge-mount- 
ed ground trace equals 400 nH, 
or 250 2, at 100 MHz. Reconfi- 
guring this 20-in. inductor into a 
matrix of 2-in. squares mathe- 
matically reduces impedance 
between opposite corners of the 
board by 10 times to a value of to 
25 21. The grid can be construct- 
ed by laying out power and 
ground traces horizontally on 
one side of the board and verti- 


Here's where the barricades 
start to come down in the 
mixed signal revolution. 
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i SUPPRESSING PC-BOARD INTERFERENCE 


cally on the other, and then ty- 
ing the grid together with bypass 
capacitors. 

As noted, power distribution 
on the board and data-transmis- 
sion systems act synchronously 
to create separate but coherent 
radiating-loop areas. The power 
system’s loop area is roughly 
equal to the separation of the 
rails multiplied by the distance 
from the nearest logic device to 
its decoupling capacitor. Data 
leads that use the power system 
for their return form dynamic- 
loop areas between sending and 
receiving devices. 

Switching for transmission of 
logic signals creates transient- 
voltage drops throughout the 
power system, which impairs 
logic-device operation and cre- 
ates interference. Installing de- 
coupling or bypass capacitors 
near these devices reduces the 
size of radiating power loops 
and isolates the power dips from 
other logic devices. Decoupling 
capacitors act as storage ele- 
ments from which associated 
logic devices draw instanta- 
neous power as required. 

The construction of capaci- 
tors gives them an inherent in- 
ductance, which is typically 
higher in electrolytic or Mylar 
designs than in ceramic ones. 
Trace inductance up to 20 nH 
combined with effective series 
resistance (ESR) can severely 
degrade their effectiveness. 

The following equation deter- 
mines the bypass-capacitor val- 
ues required to reduce effective 
impedance of the power-distri- 
bution system to control these 
voltage drops: 


C=I/dV/dt 
where: 


e Tis the current demand 
@ dV is the voltage drop 
® dt is the switching time 


Decoupling capacitors be- 
have as capacitors at operating 
frequencies below their self-res- 
onant frequencies and as induc- 
tors above these frequencies. 
This may mandate using several 


6. Raised busing can 
reduce emissions of a 
single-layer board by 
up to 15 dB. Using a 
ground plane that acts 
as a separate, close- 
coupled parallel return 
can provide 30 dB of 
suppression. Shielding 
the data trace with 
another ground plane 
offers a 45-dB im- 
provement compared 
with a typical two-lay- 
er board. Installing 
shielding canisters 
over board-mounted 
components yields a 
total reduction of 55 
dB. 


capacitors with different values 
to account for high and low self- 
resonant frequencies that result 
from lead inductance and capac- 
itance. 

Because logic performance is 
degraded by power-rail imped- 
ance, which increases with fre- 
quency and separation distance, 
the rails should be as wide and as 
close together as possible. Three 
possible configurations include 
two parallel traces on a single- 
sided board (Fig. 5a), one trace 
over a ground plane in a multi- 
layer board (Fig. 5b), and two 
parallel planes in a multilayer 
board, or the characteristic im- 
pedance of a raised-bus struc- 
ture (Fig. 5c). 

These structures have much 
lower characteristic impedance 
and smaller loop areas than rail 
configurations, which can mean 
reduced board emissions by up 
to 15 dB (Fig. 6). They also par- 
tially reduce the radiating area 
created by logic-signal transmis- 
sion and return paths. Radiat- 
ing-loop areas can be cut down 
significantly by designing the 
board with parallel data leads 
and separate returns rather than 
using the power system for re- 
turn. But surface-area limita- 
tions make this approach im- 
practical for single- or even dou- 
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ble-trace-layer boards. 

The most effective solution is 
a multilayer board with its in- 
herent decoupling that’s created 
by the power supply’s capaci- 
tance and associated return lay- 
ers (Fig. 6, again). In a typical 
four-layer board design, the top 
and bottom layers are used for 
signal traces and the two middle 
layers for power distribution. 
For extremely high-speed appli- 
cations, the configuration is 
changed to bury the signal leads 
between the ground planes, 
which precludes changes after 
the board is built. 

With respect to the ground 
plane, the signal leads and re- 
turns take on the configuration 
of a microstrip or parallel-plate 
transmission line. This line’s 
characteristic impedance is a 
function of the height-to-width 
ratio and the dielectric constant 
of the board material. It can be 
calculated as follows: 


Z, = (1207/V E,) (h/d) 
where: 


@ his the foil separation or board 
thickness 

ed is the smaller dimension of 
the parallel plane 

© E, is the board’s dielectric con- 
stant 
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Hi SUPPRESSING PC-BOARD INTERFERENCE 


Typically, Z, is less than 1 2 
for an h/d of less than 0.005 and 
E, greater than 3. Asa result, the 
potential drop at a logic chip 
with 20 mA of switching current 
is less than 20 mV. Because of 
the line’s configuration, the low 
impedance does not couple RF 
energy to other chips supplied 
by the same plane, virtually 
eliminating electromagnetic in- 
terference. 

Multilayer boards also have 
inherent capacitance, which 
may be calculated as follows: 


C= 0.0884E, A/h pF 
where: 


@ A is the board area (cm?) 
@ h is the dielectric board thick- 
ness (cm) 


For a typical h of 10 mils 
(0.0254 cm) and an er of 500, on- 
board capacitance is about 1740 
pF/cm’. A packing density of 
one chip per square inch will 
yield C greater than 10,000 pF/ 
in.” (10,000 pF of decoupling per 
chip), which is more than 
enough to accommodate all log- 
ic-transition currents. 

By inducing electromagnetic 
fields in the ground plane be- 
neath them, high-frequency sig- 
nal leads effectively create re- 
turn paths for themselves. This 
phenomenon makes the current 
flowing in the ground plane be- 
have as a separate, close-coupled 
parallel return. Provided the im- 
pedance is low, the ground plane 
can accommodate a virtually in- 
finite number of data leads that 
will not interfere with one an- 
other even if they intersect. This 
approach can reduce emissions 
by up to 30 dB (Fig. 6, again). 
Controlling the width of the 
data trace and the board’s char- 
acteristics can help further less- 
en impedance and emissions. 

Fringe radiation from the 
microstrip can be minimized by 
placing another ground plane 
over it to convert it into a strip 
line. This shields the data trace 
for a total reduction of about 45 
dB compared with a typical two- 


Board design- 
ers should se- 
lect the lowest 
possible oper- 
ating frequen- 
cy and current 
consistent with 
the system’s 
performance 
needs. 


layer board. Installing shielding 
canisters over board-mounted 
components yields a total reduc- 
tion of 55 dB. (Fig. 6, again). 

For high-speed logic devices, 
meeting FCC requirements usu- 
ally calls for measures beyond 
controlling radiating-loop ar- 
eas. Emissions from compo- 
nents mounted on the board can 
be reduced by installing shield- 
ing enclosures for which the 
board’s ground-plane layer 
serves as the bottom. These 
shields can be custom shaped 
and solder-mounted. By exhibit- 
ing measured attenuation of up 
to 62 dB at 1 GHz, they effec- 
tively control EMI emissions, 
susceptibility, and crosstalk at 
the board level. 

In summary, cost-effective 
suppression of interference must 
be addressed in the pe board’s 
initial design. As soon as hard- 
ware becomes available, diag- 
nostic testing should be per- 
formed before the board goes 
into production. Hardening a 
board by good design typically 
adds 3% to 7% to its cost, de- 
pending on whether it’s intend- 
ed for commercial or military 
use. Hardening after develop- 
ment can cost five times as 
much. 

The following is a checklist 
for low-EMI design: 


1. Select the slowest, least pow- 
erful logic for the task. Avoid 
contention. 

2. Consider clock alternatives 
and note variations in the noise 
levels among equivalent clocks 
from different manufacturers. 
Use integral oscillators instead 
of prepackaged units whenever 
possible. 

3. Use ground planes or grids to 
reduce the impedance of return 
traces. 

4. Segregate high-frequency de- 
vices and associated circuitry. 
Such devices and circuits should 
be positioned close to the back- 
plane for signals leaving the 
board and away from the back- 
plane for on-board signals. 
Leads should be filtered with 
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split ferrite beads. 

5. Minimize radiating-loop ar- 
eas by using bypass capacitors 
on all sending and receiving de- 
vices and raised-bus power dis- 
tribution on double-layer 
boards. 

6. Design multilayer boards us- 
ing the top and bottom layers for 
signal traces and the middle lay- 
ers for power distribution. 

7. Employ a ground plane over 
the top layer of the board to 
shield fringe radiation from data 
traces. 

8. Install board-mountable 
shielding canisters over high- 
frequency devices. 


References: 

Application Note 101, ‘“‘Design- 
ing for Compliance—Design 
of the PC Board,” A Special 
Supplement to Compliance 
Engineering, 1989. 

Keenan, Kenneth R. Decou- 
pling and Layout of Digital 
Printed Circuits. Pinellas 
Park: The Keenan Corpora- 
tion, 1985. 

Ott, Henry W. ‘Controlling 
EMI by Proper Printed Wir- 
ing Board Layout,” 6th Sym- 
posium and Technical Exhibi- 
tion on Electromagnetic 
Compatibility, Zurich, Swit- 
zerland, March 5-7, 1985. 

White, Donald R.J. “EMI Con- 
trol in the Design of Printed 
Circuit Boards and Back- 
planes,” Gainesville: Interfer- 
ence Control Technology, 
1981. 


Ronald W. Brewer, director of 
EMC Technical Services at In- 
strument Specialties, holds a 
BSE from the University of 
Michigan and has over 25 years 
of experience in electromagnetic 
Tempest engineering and related 
disciplines. 


HOW VALUABLE? 


HIGHLY CIRCLE 459 
CIRCLE 460 
CIRCLE 461 


MODERATELY 
SLIGHTLY 


POWER-ONE 
D.C. POWER SUPPLIES 


Not Only The Best...The Best Selection, Too 
E : E : - 


tTTi'T Sy 
99 @ OB) ww 


oilcratt 
Data Line 


Magnetics 


Precision components for signal filtering, 
network interface and EMI reduction 


LAN Transformers 


We can provide everything 
from complete sets of 10BaseT 
interface magnetics to individual 
isolation transformers for Token 
Ring, StarLAN, Arcnet, Ethernet 
or compatibles. All have fast rise 
times, excellent common mode 
rejection and meet international 
safety requirements. 


Call for free evaluation samples. 


st 
; 


LC Filter Networks 


Choose from low, high, and 
bandpass filters in a variety of 
alignments. We offer 3, 5, or 7 
pole filters in SIP, DIP or surface 
mount configurations. Plus our 
tight-tolerance chip inductors 
permit easy customization of 
cutoff frequency, rolloff, inser- 
tion loss, passband impedance, 
and delay. 

Designer's Kit D102 contains 4 
each of our 3, 5 and 7 pole low 
pass filters (18 MHz cutoff). $50. 


pot 
4 
-~ 
i ~ 


Telecom Magnetics 


Our family of telecommunica- 
tions products includes trans- 
formers for T1, T3/DS-3, ISDN 
S and U Interface and impedance 
matching. They're compatible 
with most chip sets or we can 
customize to meet your specifi- 
cations. We also offer common 
mode filters for "tip and ring" 
circuits. 


Call for free evaluation samples. 


CIRCLE 121 


EMI Filters 


These board-mount filters 
virtually eliminate the problem 
of conducted EMI in data lines. 
They provide both differential 
and common mode noise atten- 
uation from 1 MHz to over 500 
MHz in a compact, easy to 
install package. Choose from 2, 
3, 4 or 8-line versions, or we'll 
custom design parts to meet 
your specific EMC requirements. 
Designer's Kit D101 contains 4 
samples each of 2, 3, 4 and 8-line 
filters. $65. 


BEM electronic engineers masie? See our catalog in Vol. A, Section 1800 


1102 Silver Lake Rd., Cary IL 60013 800/322-COIL Fax 708/639-1469 


ow well a connector per- 
forms in an application de- 
pends on two main factors. 
The most important is choosing 
the right connector for the appli- 
cation. The second, and the sub- 
ject of this article, is assuring the 
best possible crimp, or terminal- 
to-wire bond. 
A good crimp has been de- 
fined in such terms as: 


1. “The terminal didn’t fall off.” 
2. “It had a specified crimp 
height.” 

3. “It met a specified pull test.” 
4. “All of the wire strands were 
deformed without fracturing.” 
5. ““We smashed it down good.” 


Actually, only two are legiti- 
mate definitions of a good crimp 
termination. The correct ones 
will be discovered later, but if 
definitions ##1 or #5 were in- 
cluded in your answer, do not 
skip to the end of this article. 
However, before the character- 
istics of a good crimp are de- 
fined, the components of a typi- 
cal terminal must be more clear- 
ly understood. 

A terminal can be divided into 
three main sections: the mating 
section, the conductor-crimp 
section, and the insulation- 
crimp section (Fig. 1). The ter- 
minal’s mating section makes 
the electrical junction with its 
male or female counterpart. It’s 
this portion that determines the 
terminal’s performance charac- 
teristics in terms of current-car- 
rying capability, mating or en- 
gagement force, number of mat- 
ing cycles, and the contact resis- 
tance of the interconnection. 

The terminal’s current-carry- 
ing capability is the total current 
it can continuously carry to cre- 
ate a maximum temperature rise 
of 30°C above ambient. A termi- 


1. The terminal’s anat- 
omy can be broken 
down into three main 
sections: the mating 
section, the conduc- 
tor-crimp section, and 
the insulation-crimp 
section. 
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nal can usually carry somewhat 
more than that value without 
catastrophic failure. However, 
the 30°C value does offer a built- 
in safety factor that allows for a 
wide range of environmental 
and application conditions. 
Generally, the larger the termi- 
nal, the more current it can car- 
ry. That relationship, though, 
isn’t necessarily direct. For ex- 
ample, a 0.062-in.-diameter ter- 
minal carries up to 5 A/circuit, a 
0.093-in.-diameter terminal car- 
ries up to 12 A/circuit, and a 
0.125-in.-diameter terminal car- 
ries up to 20 A/circuit. 

Although the current rating is 
the most important criterion to 
use in selecting a connector, es- 
pecially for a power application, 
other features of the terminal are 
also very important. These in- 
clude the number of mating cy- 
cles, contact resistance, and en- 
gagement force. 

The engagement force is the 
effort required to mate or engage 
the male and female terminals. 
It’s expressed in pounds/circuit, 
and can have values of 0.5 to 6 
Ibs. or more per circuit. The con- 
nector’s total mating force can 
be easily determined by multi- 
plying the terminal’s mating 
force/circuit by the number of 
circuits or mated terminals in 
the housing. For example, a 10- 
circuit connector with a mating 
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EE 


Attaining a solid terminal-to-wire 
bond involves many complexities. 


force/circuit of 2 Ibs. means a 
total mating force of about 20 
Ibs. Generally, a low total mat- 
ing force is desirable, especially 
when mating to a pc board 
where high mating forces could 
damage the board. This also 
holds true with high-circuit- 
count connectors, where a high 
force could make mating the 
connector difficult. 

Another important feature of 
a terminal is the number of mat- 
ing cycles, which is how many 
times the connection can be 
made and broken. That number 
is a complex combination of the 
terminal’s configuration or ge- 
ometry, its base metal (brass, 
phosphor bronze, or other high- 
performance alloy), and the 
plating on that base metal (tin, 
gold, or nickel). The terminal’s 
geometry is designed to give the 
best combination of size and per- 
formance for the job. 

As previously mentioned, the 
number of mating cycles a ter- 
minal can withstand depends in 
part on the terminal’s base mate- 
rial. Brass is more than adequate 
for most applications. It offers 
an excellent combination of 
electrical conductivity and 
strength and can be formed into 
intricate shapes. In applications 
where many mating cycles, are 
required (100 or more), a high- 
er-performance base material, 


Crimp-height'measurement 


such as phosphor bronze or be- 
ryllium copper, should be speci- 
fied to maintain an acceptable 
normal force or terminal-to-ter- 
minal pressure. 

The terminal’s plating mini- 
mizes corrosion or tarnishing of 
the base material and the subse- 
quent negative impact on con- 
tact resistance. Tin and tin-lead 
are the most frequently used 
cost-effective platings. In high- 
cycle (25 or more) or low-cur- 
rent (less than 0.5 A/circuit) ap- 
plications, gold plating should 
be specified. 

Contact resistance can be a 
very important design consider- 
ation in applications where a 
large voltage drop across the 
mated terminals would degrade 
system performance. If a large 
number of mating cycles re- 
duces the normal force, or if the 
plating should wear away and 
permit corrosion to form, the 
contact resistance will increase. 
Because a mated terminal can be 
seen as a resistor with a typical 
value of 10 to 50 mQ, a dramatic 


Mi RECOGNIZING GOOD CRIMPS 


2. The conductor’s 
crimp height can be 
measured with either 
a dial caliper or a 
blade-type micro- 
meter. Care must be 
taken not to measure 
the extrusion points, 
which would be a mis- 
leading measurement. 


3. In the micro-section 
shown, the black ar- 
eas (voids) indicate 
an under-crimp. If the 
crimp height is too 
large, then the wire 
strands will not be de- 
formed enough to as- 
sure passage of a 
pull-force test (a). 
When the crimp 
height is correct, all 
wire strands are de- 
formed and there are 
few, if any, voids pre- 
sent between them 
(b). 


Dial caliper 


increase in resistance value 
could cause a loss of signal or an 
overheated terminal. 

If the right connector system 
is matched with your applica- 
tion, and if the engineer who de- 
signed the terminal did a good 
job, the front third will work 
well. But let’s look at the two- 
thirds of the terminal that’s out 
of the design engineer’s control. 

The terminal is designed to 
operate within a certain range of 
wire-conductor and insulation 
diameters, usually expressed in 
AWG (American wire gauge). 
For each wire gauge within this 
range, the engineer specifies the 
dimension of the terminal-to- 
wire interface, or crimp height, 
that delivers the highest perfor- 
mance. It is defined as the high- 
est pull force or strongest wire- 
to-terminal bond. 

The pull force is the force, 
measured in pounds, that the 
wire-to-terminal interface will 
withstand when a straight axial 
load is applied to the terminated 
wire. This is, however, a de- 


structive test and is therefore in- 
appropriate as a 100% inspec- 
tion method to assess termina- 
tion quality. A better method is 
to measure crimp height. It’s a 
non-destructive test that ensures 
the maximum bond. 

The crimp height is mea- 
sured, using a micrometer, at the 
conductor-crimp sections (Fig. 
2). If this dimension is too small, 
then the terminal is over- 
crimped and wire strands could 
be damaged, which results in a 
lower pull force. If the dimen- 
sion is too large, then the termi- 
nal is under-crimped and the 
wire strands will not be de- 
formed enough to assure that 
the crimp will pass the pull-force 
test (Figs. 3a and 3b). 

If the crimp height isn’t with- 
in specification, the application 
tooling’s crimp height should be 
adjusted. If the punch and anvil 
are so worn down that they can’t 
make a good crimp, they should 
be replaced. 

Ifa hand tool is used, its crimp 
heights can be adjusted by turn- 


ELECTRONIC DESIGN # PIPS SPECIAL EDITORIAL FEATURE = MARCH 28, 1991 


Let’s talk savings. 


Surface mount transistors—or even 
T092s used with resistors in network 
ence be replaced with a single 
digita . 2 
transis- pec 2 Pana? eae 
tor from aioPec-cour © RecfSe-oout 
ROHM. — Pt 
One small 
SOT-25 or 
-36 pack- 
age can 
contain 
up to two transistors and four resis- 
tors. One component provides several 
functions, and that means lower place- 
ment cost, higher reliability, lower 
component count, less real estate, and 
reduced inventory. Standard V¢c- rat- 
ings of 11V to 120V, and current ranges 
from 30mA to 100mA, are available. 


Let’s talk added value. 


If you want maximum benefit from 
SMT, don't change to through-hole 
when it comes to LEDs. You can keep 
everything SMT by incorporating 

4 ROHM's sur- 
face mount 
LEDs as 
indicators 
on your 
board. 

Our 
lineup 
includes 
single-chip 
LEDs in red, 


Dual digital transistor circuit diagram 
Dozens of layouts available. 


orange, yellow and green; and dual- 
chip types that give you combinations 
of colors. You can even get a three- 
color effect with red and green chips 
combined to make amber. 


We offer standard brightness and 
high luminance, lensed LEDs pack- 
aged in SOT-23s, and lensed mini- 
molded styles. Brightness ranges from 
555 to 700 angstrom units. 


They can turn product designs into 
gems. 


Let’s talk component density. 


You need density? How about 50 
components per square centimeter? 


That's what 
we've achieved 
in our newest 
hybrid circuits, 
thanks to TAB 
packaging, fine 
pitch lead spac- 
ing, and screen- 
ing resistors 
and capacitors back-to-back—directly 
onto the substrate to improve shielding. 

Not to mention some unbelievably 
small passive components. 

Take our new MCR Ol, the smallest 
resistor package in the world. A mere 
1.0 x 0.5 mm, it’s about the size of a 
grain of pepper. It occupies 60% less 


space and weighs 75% less than our 
MCR 03—formerly the world’s smallest. 


Resistance range is 5.60 to 1.5MQ, 
and rated voltage is 0.032W with 
a 25W g 
maximum. 7 Samy 

We're now ' ; 
also offering oe 
a strong line jie © 
of ceramic , a EB 
chip capac- © en 
itors with package sizes as small a 
0603 (1.6mm x 0.8mm). They're 
offered in NPO, X7R, Z5U, and Y5V 
dielectrics. 


So when you're talking 
popcorn or jellybeans, 


Remember that ROHM introduced 
SMT to this country, and was the first 
manufacturer 
to offer sur- 
face mount 
products in 
quantity. 

And we 
continue to 
offer innova- 
tions like 
multiple- 

: function 
transistors, unique diode packages, 
surface mountable networks, and 
industry-leading component densities. 

Call us and start a little SMallTalk of 
your own. We'll be happy to share 
some information. 


ROHM Corporation ™ ROHM Electronics Division ™ 8 Whatney @ Irvine, CA 92718 ™ Telephone (714) 855-2131 Ml FAX (714) 855-1669 


© Copyright 1991, ROHM Corporation 


CIRCLE 177 


ing the adjustment screw (Fig. 
4). On a hand tool, the conduc- 
tor- and _ insulation-crimp 
heights are adjusted simulta- 
neously. The crimp heights of 
terminations done with a hand 
tool should be checked often be- 
cause a hand tool wears much 
faster than a bench press. 

A properly crimped terminal 
should have a slight flare at the 
rear of the conductor-crimp sec- 
tion (Fig. 5). This flare prevents 
individual wire strands from be- 
ing cut or damaged during the 
crimping process and provides a 
smooth transition between the 
conductor- and insulation- 
crimp sections. The application 
tooling has this flare built into 
the punch and anvil. However, 
as the tooling wears, this flare 
may shrink. When the flare 
reaches two times the terminal’s 
material thickness, the punch 
and anvil should be replaced. 

Another important indica- 
tion of a properly crimped ter- 
minal is its straightness. For 
most terminals, the center lines 
of the mating end and the crimp 
sections should be the same or 
within 5° of each other. Other- 
wise, a bent terminal, often 
called a banana crimp, may be 
misaligned when inserted into a 
housing. The resultant condi- 
tion, which is known as “‘butt- 
ing,” can prevent the connectors 
from mating. If the bent termi- 
nal is far enough off-center, the 
terminals could be damaged 
when mating or even cause the 
terminal to be pushed out the 
back of the housing. This is 
known as terminal backout. 


MZ RECOGNIZING GOOD CRIMPS 


4. Crimp heights for 
hand tools can be ad- 
justed by rotating the 
adjustment screw. 
Many poor crimps re- 
sult from misadjust- a 
ment of the crimp 
height. 


The banana shape can be ei- 
ther forward when it’s bent in 
the same direction as the formed 
portion of the crimp section, or 
reverse when it’s bent in the di- 
rection of the smooth side of the 
crimp section. If the bend is for- 
ward, the conductor-crimp 
height should be verified to see if 
it’s correct and the insulation 
crimp should be reasonably 
symmetrical. If the crimps are 
acceptable, then the nose-hold- 
down device on the application 
tooling should be adjusted or re- 
placed. This device may be a 
spring-loaded plunger or a plas- 
tic tube that comes in contact 
with the terminal’s nose or mat- 
ing end as it’s being crimped and 
maintains its linearity. 

A terminal bent in the reverse 
direction indicates a worn or 
damaged punch and/or anvil. 
As the crimp press completes its 
cycle and the punch or anvil 
moves away from the terminal, 
the worn or damaged tooling 
causes the terminal to become 
momentarily lodged, thus bend- 
ing it. Replacing the punch and 
anvil will correct the reverse- 
bend problem. 

The quality of the termination 
5. A properly crimped 
terminal should have 
flares at the end of 
the conductor-crimp 
section. The flares 
prevent individual 
wire strands from be- 


ing cut or damaged 
during crimping. 
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is directly related to the quality 
of the application tooling. Only 
the specific application tooling 
that’s developed or recommend- 
ed by the terminal’s manufac- 
turer for the wire gauge being 
used should be employed. The 
application tooling must also be 
kept in good working order. The 
tooling’s perishable compo- 
nents, the punch and anvil, must 
be replaced as required to main- 
tain a high-quality termination. 
Now the correct definitions 
for a good crimp can easily be 
chosen. After selecting the ter- 
minal or connector system that 
meets an application’s require- 
ments for current handling, 
mating cycles, engagement 
force, and other features, then 
the best wire-to-terminal crimp 
can be obtained. Also, during 
setup and periodically within 
each production run, the con- 
ductor-crimp heights should be 
verified to meet the manufactur- 
er’s specifications (definition 
#2), so that the terminations 
will meet a specified pull force 
(definition #3) and have wire 
strands that are deformed with- 
out fracturing (definition #4). 


Randy Kempf, director of prod- 
uct management at Molex, holds 
a BSEE from Purdue University, 
West Lafayette, Ind., and an 
MBA from the University of 
Iowa, Iowa City. 


HOW VALUABLE? 
HIGHLY CIRCLE 456 


MODERATELY = CIRCLE 457 
SLIGHTLY CIRCLE 458 


Vet's t 


connectors. 


.050" I/O Connectors .050" 2-Piece Connectors 163 Daisy Chainable .050" IDC 164 
* 20-100 position * 20-200 position * 20-100 positions 

* EMI/RFI shielding * Horizontal, vertical or parallel mating * Utilize .025" cable 

* Discrete wire IDC * Integrated latch/ejection mechanism 


High Density Connectors 165 industry Standard Expanded DIN Sizes 
* Male & female options * Low 2 oz/pin insertion force * 48, 64, 96, 100, 120 & 150 positions 
+ Extended ground contacts for “hot * Dual beam BeCu contact provides * Pressfit and solder options 

board replacement” .100" wipe * "Better than Gold” ROBEX® plating 
* 3 & 4 rows up to 488 positions + Rigid solder tails ease board assembly 


Ilis 
High Temp IR Compatible DIN 168 .050" Board Stacking on Se 
+ Extended ground contacts for “hot * Low profile 7-12 mm C 
board replacement” ¢ High temp and SMT options 


° ee laude clips ease board * 20-120 position 800-3 3 8- 8 | 5 o 


* .028" rounded solder tail allows 
additional traces between pins 


Robinson 


P.O. Box 1208 » New Albany, IN 47150-1208 + 800/338-8152 » FAX 812/945-0804 uUgenl 
6 Rue St. Georges, CH 2800 Delémont + (41) 66-22-9822 * FAX (41) 66-22-9813 — 


| CONNECTORS | 


‘VW HEAT-SEAL CONNECTORS 
LINK LCDs TO BOARDS 

A low-cost line of high-density, flexi- 
ble heat-seal connectors is available 
for pceb-to-LCD, peb-to-peb, and oth- 
er similar applications. The J-Type 
series of solderless connectors con- 
sist of precision-screened traces of 
either carbon (JC type) or a carbon- 
silver blend (JS type) applied to a 
polyester substrate. A conductive 


adhesive is applied over the bonding 
surface. Call for pricing. 
Shin-Etsu Polymer America 
34135 7th St. 
Union City, CA 94587 
(415) 475-9000 
> CIRCLE 462 


v PRESS-FIT RECEPTACLE 
SAVES THROUGH HOLES 


A solderless press-fit receptacle 
eliminates damage to plated through 
holes in backplanes. The #8292-4 
machined receptacle has a truly com- 
pliant tail that eliminates the risk of 
backplane damage when they’re in- 
serted. The tail is hollow and slotted, 
which permits it to close down and 
conform to the size of the hole. Pric- 
ing is $0.12 in lots of 10,000. Delivery 
is from stock. 

Mill-Max Mfg. Corp. 

P.O. Box 300 

Oyster Bay, NY 11771-0300 

(506) 922-6000 

> CIRCLE 463 


CONNECTOR AND PACKAGING MANUFACTURERS 


3M (ER) (201) 992-8400 Applied Engineering 
Electronic Products Div. CIRCLE 305 (DS) (Dl) (CE) (ID) (CD) (PC) Products 
P.O. Box 2963 VB) P.O. Box 510 


Austin, TX 78769 
(800) 225-5373 


Advanced Interconnections 


5 Energy Way 


(CX) (DS) (Dl) (FC) (CE) (ZI) W. Warwick, RI! 02893 
(SM) (CC) (DP) (PG) (BI) (CO) (401) 823-5200 


(FL) (TW) (SH) 
CIRCLE 301 


3M 


Electrical Specialties Div. 


P.O. Box 2963 
Austin, TX 78769-2963 
(800) 233-3636 

(ES) (ER) 

CIRCLE 302 


AMP Inc. 

P.O. Box 3608 
Harrisburg, PA 17105 
(717) 561-6168 


(AU) (RF) (CX) (DS) (Dl) (FC) 
(CE) (ID) (Zl) (SM) (CC) (DP) 
(PG) (CD) (MD) (Bl) (BP) (FL) 


CIRCLE 303 


AT&T Microelectronics 
Whippany Rd. 8B-319 
Whippany, NJ 07981 
(201) 386-3952 


(CX) (CE) (ID) (SM) (DP) (CD) 


(DD) (ML) (BP) (PC) (BU) 
(ER) 
CIRCLE 304 


Advanced Circuit 
Technology 

118 Northeastern Blvd. 

Nashua, NH 03062 

(603) 880-6000 


(FC) (Z1) (SM) (CD) (FX) (ES) 


(Z1) (SM) (CC) (DP) (PG) (CD) 


(MD) (WR) (VB) (SB) (MB) Pawtucket, RI 02862 Aries Electronics Inc. (215) 363-2600 

(IB) (401) 726-0700 P.O. Box 130 (CA) 

CIRCLE 306 (FL) (TW) (SH) (PW) (HK) Frenchtown, NJ 08825 CIRCLE 322 
CIRCLE 311 (201) 996-6841 

Alden Products Co. (FC) (ZI) (SM) (CC) (DP) (PG) Bopla Enclosures 

117 No. Main St. Amphenol (CD) (Bl) (FL) (TW) 7330 Executive Way 

Brockton, MA 02403-0860 Bendix Connector Ops. CIRCLE 317 Frederick, MD 21701 


(508) 583-0160 
(AU) (SM) (CD) (MD) (IN) 


(WT) (CM) (607) 563-5302 7400 N.W. 52nd St. (PT) (EM) (CM) (ER) (GK) 
CIRCLE 307 CIRCLE 312 Miami, FL 33166 (VE) (WN) 
(305) 591-7530 CIRCLE 323 
Alpha Wire Corp. Amphenol Corp. (CX) (DS) (CU) (MI) 
711 Lidgerwood Ave. 358 Hall Ave. CIRCLE 318 Bravo Communications Inc. 


Elizabeth, NJ 07207-0711 
(908) 925-8000 


(RF) (DS) (FC) (CE) (ID) (DP) 


(MD) (CO) (FL) (TW) (SH) Fenton, MO 63026 (SH) 
(WV) (PW) (HK) (HN) (CA) Amuneal Mfg. Corp. (314) 349-3110 CIRCLE 324 
(ES) (MG) (ER) (TB) 4737 Darrah St. (GP) (CN) (VR) (CM) 
CIRCLE 308 Philadelphia, PA 19124 CIRCLE 319 Brintec 
(215) 535-3000 Brand-Rex Cable Sys. Div. 
Amco Engineering Co. (MG) (SE) (RC) Augat 1600 W. Main St. 
3801 N. Rose St. CIRCLE 314 Interconnection Prods. Willimantic, CT 06226-1128 


Schiller Park, IL 60176 
(708) 671-66706 


(GP) (BM) (CN) (VR) (PT) 4 Court Dr. (617) 222-2202 
(EM) (MI) (CM) Lincoln, Rl 02975 CIRCLE 320 
CIRCLE 309 (401) 333-0388 


Amerace Corp. 


Industrial Electrical Prods. 


530 W. Mt. Pleasant Ave. 
Livingston, NJ 07039 


CIRCLE 310 


American Insulated 
Wire Corp. 
36 Freeman St. 


40-60 Delaware St. 
Sidney, NY 13838-1395 


Wallingford, CT 06492 
(203) 265-8910 
CIRCLE 313 


Andon Electronics 


(AU) (RF) (CX) (DS) (Dl) (FC) 


(CE) (ID) (Z1) (SM) (CC) (DP) 
(PG) (CD) (MD) (BI) 
CIRCLE 315 


New Haven, CT 06513 
(203) 776-2813 


(CX) 
CIRCLE 316 


Array Connector Corp. 


Atlas/Soundolier 
1859 Intertech Dr. 


33 Perry Ave. 


Attleboro, MA 02703 


BICC-VERO Electronics Inc. 
1000 Sherman Ave. 
Hamden, CT 06514 

(203) 288-8001 

(Dl) (SS) (DD) (ML) (WR) 


‘VW SURFACE-MOUNT HEADER 
FREES BOARD SPACE 

Increased connector reliability and 
board real-estate savings are among 
the benefits of the 4600 Series sur- 
face-mounted shrouded headers. 
The devices have compliant gull- 
wing leads for a reliable surface- 
mount connection, which saves on re- 


work. The leads are within the body 
shadow so the connector takes less 
space. Pricing is $5.90 in lots of 1000. 
Delivery is in six weeks from receipt 
of order. 

3M Electronic Products Div. 

P.O. Box 2963 

Austin, TX 78769-2963 

(800) 225-5373 

> CIRCLE 464 


(BP) (VB) (SB) (MB) (1B) (BU) 
(GP) (IN) (VR) (WT) (PT) (EM) 
(CM) (ER) 

CIRCLE 321 


Bentley Harris 
241 Welsh Pool Rd. 
Lionville, PA 19353 


(301) 696-9300 
(Dl) (CD) (VB) (GP) (IN) (WT) 


1310 Tully Rd., Suite 107 
San Jose, CA 95122 
(408) 297-8700 


(203) 456-8000 
CIRCLE 325 


(continued on p. 96) 
(see p. 103 for key) 
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Dialight LED bi- and tri-level CBI (Circuit Board 
Indicator) skyscrapers save valuable real estate. Ideally 
suited as logic status, circuit board and polarity indica- 
tors as well as panel illuminators, the Manhattan Series 
can satisfy your most demanding design requirements. 
Offered in two sizes—T-1 (3 mm) and T1% (5 mm 
bi-level only) in a wide variety of LEDs (diffused, non- 
diffused, super-bright, super-efficient, integral resis- 
tor), they can be ordered in standard and custom 
combinations of red, yellow and green. Operating 
temperatures range from —55° to + 100°C. Manhattan 
CBls have specially designed standoffs to facilitate 
board cleaning and washing. The housing materials 
meet UL94V-O flammability rating. 


Because we pay strict attention to lead tolerance 
and alignment specs of automatic insertion equipment, 
Dialight’s packaging has become the standard by 
which others are measured. The Manhattan CBI Series 
is available from stock through our wide network 
of distributors. 

For more information contact: Dialight Corporation 
1913 Atlantic Avenue, Manasquan, New Jersey, 08736; 
Tel.: (908) 528-8932; Fax: (908) 223-8788. 


, 


CIRCLE 110 


CONNECTOR AND PACKAGING MANUFACTURERS 


Bud Industries Inc. 

4605 E. 355th St. 

Willoughby, OH 44094 

(216) 946-3200 

(GP) (BM) (CN) (IN) (VR) (PT) 
(EM) (CM) (ER) (GK) 

CIRCLE 326 


Burndy Corp. 
Electronics Group 
Richards Ave. 
Norwalk, CT 06856 
(203) 838-4444 
CIRCLE 327 


Bustronic 

5680 Stenart Ave. 

Fremont, CA 94538 

(415) 490-7388 

(Dl) (DD) (ML) (WR) (BP) 
(PC) (VB) (SB) (MB) (IB) (BU) 
(GB) (GP) (IN) 

CIRCLE 328 


CTI Technologies Inc. 
sub. of PCD Inc. 
7855 E. Evans Rd. 
Scottsdale, AZ 85260 
(602) 998-1484 
(RF) (CE) (21) (SM) (CC) (DP) 
(CD) (MD) (BI!) 
CIRCLE 329 


CTS Corp. 

Connector Div. 
9210 Science Center Dr. 
New Hope, MN 55428 
(612) 533-3533 
(CD) (Ml) (BP) 
CIRCLE 330 


CW Industries 

130 James Way 
Southampton, PA 18966 
(215) 355-7080 

(DS) (Dl) (FC) (CE) (1D) (SM) 
(DP) (CD) (MD) (FL) (SH) 
CIRCLE 331 


CableStar Inc. 

P.O. Box 446 

Glasgow, KY 42141 

(800) 338-8223 

(CX) (DS) (Dl) (FC) (CE) (ID) 
(CO) (FL) (TW) (SH) (PW) 
(HK) (HN) (CA) 

CIRCLE 332 


Calmark Corp. 

4915 Walnut Grove Ave. 
San Gabriel, CA 91776 
(818) 287-0451 

(MI) (CM) 

CIRCLE 333 


Carol Cable Co. Inc. 

249 Roosevelt Ave. 
Pawtucket, RI 02862 

(401) 728-7000 

(CO) (TW) (SH) (PW) (HK) 
CIRCLE 334 


Carrot Components Corp. 
4620 Calle Quetzal 
Camarillo, CA 93012 

(805) 484-0540 

(DS) (Dl) (FC) (CE) (ID) 
CIRCLE 335 


Caton Connector Corp. 
Rte. 106, Wapping Rd. 
Kingston, MA 02364 
(617) 585-2973 


(CX) (MD) (HV) (SH) 
CIRCLE 336 


Electrical Products 
Printed Circuit Div. 
3600 Sunset Ave. 
Waukegan, IL 60087 
(708) 662-9200 
(SS) (DD) (ML) (PC) 
CIRCLE 337 


Chomerics Inc. 

77 Dragon Ct. 

Woburn, MA 01888 

(617) 935-4850 

(ES) (MG) (ER) (GK) (FR) 
(SE) (TB) (RC) (VE) (WN) 
CIRCLE 338 


Cinch Connectors Div. 
Labinal Components & 
Systems Inc. 

1501 Morse Ave. 

Elk Grove Village, IL 60007 

(708) 981-6000 

(DS) (Dl) (FC) (CC) (SH) 

CIRCLE 339 


Cole-Flex 

91 Cabot St. 

West Babylon, NY 11704 
(516) 249-6150 

(SH) (WV) (CA) (MG) (ER) 
(TB) 


CIRCLE 340 


Components Corp. 
6 Kinsey PI. 
Denville, NJ 07834 
(201) 627-0290 
(CE) (CC) 

CIRCLE 341 


Cooper Industries 
Belden Div. 

P.O. Box 1980 

Richmond, IN 47375 

(317) 983-5200 

(CO) (FL) (TW) (SH) (PW) 

(HK) 

CIRCLE 342 


Crane Electronics 
4700 Smith Rd., Suite R 
Cincinnati, OH 45212 
(513) 631-4700 

(FC) (SM) 

CIRCLE 343 


Curtis Industries Inc. 
2400 S. 43rd St. 
Milwaukee, WI 53219-0910 
(414) 649-4211 

(FC) (CE) (CD) 

CIRCLE 344 


Dale Electronics Inc. 
Yankton Div. 

P.O. Box 180 

Yankton, SD 57078-0180 

(605) 665-9301 

(DS) (CE) (CD) (MD) (BI) 

CIRCLE 345 


dataCon Inc. 

60 Blanchard Rd. 

Burlington, MA 01803 

(617) 273-5800 

(SS) (DD) (ML) (WR) (BP) 
(VB) (SB) (MB) (IB) (HN) (GP) 
(VR) 

CIRCLE 346 


(714) 849-7822 
(MD) 
CIRCLE 347 


Direct Sound Corp. 

150 Fifth Ave., Suite 845 
New York, NY 10011 

(212) 691-9050 

(AU) (RF) (CX) (D1) (Z1) (CD) 
(MD) 


CIRCLE 348 


Douglas Electronics Inc. 
718 Marina Blvd. 

San Leandro, CA 94577 
(415) 483-8770 

(SS) (DD) (ML) (WR) (PC) 
(VB) (SB) (MB) (1B) 
CIRCLE 349 


DuPont Electronics 
DuPont Connector 
Systems 
Barley Mill Plaza, 
P.O. Box 80016 
Wilmington, DE 19880 
(302) 992-5212 
(CX) (DS) (Dl) (FC) (CE) (ID) 
(Zl) (SM) (CC) (PG) (CD) (MD) 
CIRCLE 350 


E-Mark Inc. 

4 Daniels Farm Rd., Suite 328 
Trumbull, CT 06611 

(203) 452-1003 

(CC) (DP) (PG) 

CIRCLE 351 


ECS Composites 

3560 Rogue River Hwy. 
Grants Pass, OR 97526 

(503) 476-8871 

(GP) (IN) (VR) (WT) (PT) (EM) 
(Ml) (CM) (ES) (ER) (GK) 
CIRCLE 352 


ERNI Components 

520 Southlake Bivd. 
Richmond, VA 23236 

(804) 794-6367 

(CX) (DS) (Dl) (FC) (CE) (ID) 
(SM) (FL) (CA) (GP) 
CIRCLE 353 


Electrical Insulation 
Suppliers 

300 N. Mannheim Rd. 

Hillside, IL 60162 

(708) 547-5400 

(ES) (MG) (ER) (GK) (FR) 

(SE) (TB) (RC) (VE) (WN) 

CIRCLE 354 


Electronic Solutions 
6790 Flanders Dr. 

San Diego, CA 92121 
(619) 452-9333 

(WR) (BP) (VB) (MB) (GP) 
(EM) (Ml) (CM) 

CIRCLE 355 


(continued on p. 97) 
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Vv D-SUBMINI CONNECTORS 

UP DENSITY, DROP COST 
A line of high-density D-subminia- 
ture connectors is priced up to 40% 
lower than competitive offerings, 
claims its maker. The connectors’ 
contacts are plated with 30 pin of 
gold for improved mating perfor- 
mance. Female contacts are protect- 
ed with a closed funnel-entry design 
for reliable connections. Prices start 


at $1.41 for a size-15 board-mounted 
receptacle in lots of 10,000. Delivery 
is from stock to six to eight weeks. 

ITT Cannon 

1851 E. Deere Ave. 

Santa Ana, CA 92705 

(714) 261-5300 

> CIRCLE 465 


‘V DUAL-ROW SMT CONNECTORS 
MOUNT ON 0.100-IN. GRID 
Reliable surface-mounted solder 
connections are assured by a 0.100- 
by-0.100-in. grid connector. The Se- 
ries 900X-2XX-502 device’s tailored 
leads makes for superior contact ri- 
gidity and lead coplanarity. Insula- 
tor material is compatible with stan- 
dard reflow processing. Contacts are 


phosphor bronze with plating op- 
tions of tin-lead or selective gold. 
Call for pricing and delivery. 

Methode Electronics Inc. 

1700 Hicks Rd. 

Rolling Meadows, IL 60008 

(800) 323-6864 

> CIRCLE 466 


ELECTRONIC DESIGN # PIPS SPECIAL EDITORIAL FEATURE ® MARCH 28, 1991 


CIRCLE 155 — 


ustomer Satisfaction ; 


TIME. 


Pty Gee OO ON 


TODD’s Partner in Power Packaging 


Quality and product innova- 
tions evolve over time. One 
product innovation serving as 
a building block for yet anoth- 
er. One customer need spark- 
ing new ideas which transcend 
old limitations of size and 
space. 


This is TODD’s history . A 
“quarter century of revolution- 
ary achievements in advancing 
the design and development of 
switching power supplies. Set- 
ting standards which become 
the bench marks for the indus- 
try. Delivering quality products 
on time, every time, just in 
time. 


Quality is customer satisfac- 
tion. And TODD customers are 
the true partners in progress. 
We listen. We work to under- 


stand. We know the pressures 
of today’s shorter design-to- 
market cycles. We respond to 
the demands and require- 
ments of our customers for 
smaller, more powerful, more 
reliable, cost-effective switch- 
ing power supplies for com- 
puters, telecommunications, 
medical electronics and indus- 
trial products. 


The result is an ever-evolving 
product line incorporating an 
array of unique features and 
design alternatives, custom 
built in concept but available 
in standard, off-the-shelf quan- 
tities, pricing and delivery 
schedules. 


Get all the facts about TODD 
products and services. And 
get them fast and complete. 
Use the fax hotline, 800 num- 
ber or mail the postage paid 
reply card. 


RE VOL UTI, 


ADVANCED POWER PACKAGES: 


The MAX Series of switching power supplies- 
the system designers’ choice. 


FEATURES: 
e 80% overall efficiencies 


e Over 100,000 hours MTBF 

e Meet International 
Safety Standards 

e High efficiency 
MAGNA-FLUX 
+1% post regulators 

e System air or self-cooling 

e AC autoline select option 

e Power densities up to 
4/watts in* 

e From 30% to 58% smaller 


e Cost/watt savings 
up to 30% 


Call 1-00-223-TODD 
(516-231-3366 on Long Island) 


for your FREE 
32-page full-color catalog 
of over 100 TODD 
Standard Switching 
Power Supplies. 
Can't wait? 
For instant facts, 
use our FAX HOTLINE: 
516-231-3473 


From standard voice and data net- 
works to super micros and work- 
stations, TODD’s MAX series of 
switchers are increasingly become 
the #1 power choice of OEM system 
designers. Here’s why: 


Housed in a compact (2.5”x5”x9”) 
package, the MAX 350’s provide the 
outputs you need for ISDN, LAN and 
T1 applications — with yields of over 
three watts/in* across four fully regu- 
lated outputs. Select a MAX 350 with 
auxiliary outputs and power common 
peripherals, ECL systems, RS232 out- 
puts, and communications drivers. 


The MAX 500 “bus driver” series pack 
500 watts into a 2.5”x5"x11.5” package 
with power densities of almost 3.5 
watts/inch. With VMEbus and Multi- 
bus II compatibility, up to 16 amps of 
peak current, and the ability to power 
up to 80 amps of logic and four hard 
disk drives, these switchers will meet 
all your peripheral start up needs. 


350 WATTS: 2.5”x5"x9”* 
Output #1 


Output #2 


Specify the MAX 700/750 series and 
you'll get an unprecedented design 
freedom for your high-end computer 
products. Replace a 5”x8”x11” shoe 
box switcher with a 2.5”x5”x13.6” 
MAX 700 or 750 switcher, and you'll 
get a space savings of 58%. Or build in 
redundancy with two MAX 700’s in 
place of one shoe box. And while 
you’d expect to pay more for this kind 
of design flexibility, you’ll actually real- 
ize cost savings of up to 30% per watt. 


The MAX series — evolutions in design 
bringing you revolutionary product 
enhancements. 


MAX SERIES HIGHLIGHTS 


Output #3 


MAX-353-0512 | +5V @ 50A +12V @ &/12Apk -12V @ 4.0A — 
MAX-354-1205 | +5V @ 50A +12V @ &/12Apk -12V @ 4.0A -5.2@2.0A 
MAX-354-1212 | +5VY @ 50A +12V @ &/12Apk -12V @ 4.0A 12V @ 2.0A 
MAX-354-1224 | +5V @ 50A +12V @ &/12Apk -12V @ 4.0A +24V @1.5A 


400,500 WATTS: 2.5”x5"x11.5"* 


MSC-402-0512 | +5V @ 20A +12V @ 25/3GApk = = 
MAX-503-0512 | +5V @ BOA +12V @ 1O/1GApk -12V @10.0A — 
MAX-504-1252 | +5V @ &0A +12V @ 1O/1GApk 5.2V @10.0A 12V @ 2.0A 
MAX-504-1205 | +5V @ 80A +12V @ 1O/GApk 2V @10.0A 5.2V @ 2.0A 
MAX-504-1212 | +5V @ 80A +12V @ 10/6Apk 2V @10.0A 12V @ 2.0A 
MAX-504-1224 | +5V @ 80A +12V @ 10/16Apk -12V @10.0A +24V @ 2.0A 
MAX-504-1552 | +5V @ 0A +15V @ 10/6Apk -BV @ 10.0A 15V @ 2.0A 
700,750 WATTS: 2.5"x5"x13.6"* 
MAX-704-1205 | +5V @ 100A +12V @ 12/20Apk -12V @ 10.0A 5.2V @ 2.0A 
MAX-704-1212 | +5V @ 100A +12V @ 12/20Apk -12V @10.0A 12V @2.0A 
MAX-753-0512 | +5V @ 120A +12V @ 12/20Apk -12V @10.0A = 
MSC-753-0512 | +5V @ 120A +12V @ 20/27Apk -12V @ 6.0A = 
MAX-754-1252 | +5V @ 120A +12V @ 12/20Apk -5.2V @ 10.0A 12V @ 2.0A 
MAX-754-1205 | +5V @ 120A +12V @ 12/20Apk -12V @10.0A 5.2V @ 2.0A 
MAX-754-1212 | +5V @ 120A +12V @ 12/20Apk -12V @ 10.0A 12V @ 2.0A 
MAX-754-1224 | +5V @ 120A +12V @ 12/20Apk -12V @10.0A +24V @ 2.0A 


*Size for system air-cooled versions. 


CONNECTOR AND PACKAGING MANUFACTURERS 


Eima Electronic Inc. 
41440 Christy St. 
Fremont, CA 94538 

(415) 656-3400 

(D1) (DD) (ML) (WR) (BP) 
(VB) (MB) (IB) (BU) (GB) 


(PW) (GP) (IN) (VR) (PT) (EM) 


(CM) (ER) (GK) 
CIRCLE 356 


Emcor Products/Crenlo, 
Inc. 

1600 N.W. Fourth Ave. 

Rochester, MN 55901 

(507) 289-3371 

(GP) (BM) (CN) (IN) (VR) 

(WT) (EM) (Ml) (CM) 

CIRCLE 357 


Equipto Electronics Corp. 
351 Woodlawn Ave. 
Aurora, IL 60506-9988 
(708) 897-4691 

(GP) (BM) (CN) (IN) (VR) 
(EM) (Ml) (CM) 

CIRCLE 358 


Fischer Connectors Inc. 
28245 Crocker, Suite 210 
Valencia, CA 91355 

(800) 344-0445 

(AU) (RF) (CX) (CD) (MD) 
CIRCLE 359 


Fujitsu Component 
of America 
Component Div. 

3545 N. First St. 

San Jose, CA 95054 

(408) 922-9000 


(DS) (FC) (CE) (ID) (ZI) (SM) 


(CD) (ER) 
CIRCLE 360 


GEM Inc. 

109 State Place 
Escondido, CA 92025 
(619) 747-9177 

(ML) (BP) (VB) (GP) (BM) 
(CN) (PT) (EM) (MI) (CM) 
CIRCLE 361 


Garry Electronics 

9 Queen Anne Ct. 
Langhorne, PA 19047 
(215) 949-2300 


(21) (SM) (CC) (DP) (PG) (CD) 


CIRCLE 362 


General Devices Co. Inc. 
1410 S. Post Rd. 
Indianapolis, IN 46239 
(317) 897-7000 

(GP) (VR) (EM) (MI) (CM) 
CIRCLE 363 


Graphic Research Inc. 
9334 Mason Ave. 
Chatsworth, CA 91311 
(818) 886-7340 

(PC) 

CIRCLE 364 


Handy & Harman Tube Co. 


Whitehall Rd. 

& Township Line 
Norristown, PA 19403 
(215) 539-3900 
(TB) 

CIRCLE 365 


ke 


+ CIRCLE 155 


Harwin U.S.A. 

4173 Main St., Suite 191 
Bridgeport, CT 06606 

(203) 261-2679 

(ID) (Zt) (SM) (CC) (DP) (PG) 
(CD) (MD) 

CIRCLE 366 


Hirose Electric USA Inc. 
2685-C Park Center Dr. 

Simi Valley, CA 93065 

(805) 522-7958 

(AU) (RF) (CX) (DS) (D1) (FC) 
(CE) (ID) (Z!) (SM) (CC) (DP) 
(PG) (CD) (BI) (ES) (ER) (FR) 
CIRCLE 367 


Hoffman Engineering Co. 
900 Ehlen Dr. 

Anoka, MN 55303 

(612) 422-2700 

(GP) (BM) (CN) (IN) (VR) 
(WT) (PT) (EM) (MI) (CM) 
CIRCLE 368 


Honda Connectors 

960 Corporate Woods Pkwy. 
Vernon Hills, IL 60061 

(708) 913-9566 

(ID) (SM) 

CIRCLE 369 


Hughes Aircraft Co. 
Connecting Devices Div. 

17150 Von Karman Ave. 

Irvine, CA 92714 

(714) 660-5769 

CIRCLE 370 


Hybricon Corp. 

12 Willow Rd. 

Ayer, MA 01432 

(508) 772-5422 

(D1) (DP) (DD) (ML) (WR) 
(BP) (PC) (VB) (MB) (BU) 
(HN) (BM) (VR) (PT) (EM) 
(CM) (ER) 

CIRCLE 371 


Hypertronics Corp. 
16 Brent Dr. 
Hudson, MA 01749 
(508) 568-0451 

(Zl) (CD) (MD) (BI) 
CIRCLE 372 


ITT Cannon 

Components Div. 
1851 Deere Ave. 
Santa Ana, CA 92705 
(714) 261-5300 
(AU) (RF) (CX) (DS) (Dl) (FC) 
(CE) (ID) (Z1) (SM) (CC) (DP) 
(PG) (CD) (MD) (BI) (CO) (FL) 
(TW) (SH) (WV) (PW) (MN) 
(HK) (HN) 
CIRCLE 373 


Instrument Specialties Co. 
Inc. 

P.O. Box A, |-80 Exit 

Delaware Water Gap, PA 
18327 

(717) 424-8510 

(ES) (MG) (ER) (GK) (SE) 

CIRCLE 374 


Interconnect Devices Inc. 
5101 Richland Ave. 
Kansas City, KS 66106 
(913) 342-5544 

(CX) (ZI) (CD) (BI) 
CIRCLE 375 
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Interlogic Industries 

85 Marcus Dr. 

Melville, NY 11747 

(516) 420-8111 

(DD) (ML) (WR) (BP) (VB) 
(SB) (MB) (IB) (BU) (GB) (IN) 
CIRCLE 376 


JAE Electronics Inc. 

142 Technology Dr. 

Irvine, CA 92718 

(714) 523-2600 

(DS) (Dl) (FC) (CE) (ID) (21) 
(SM) (CC) (DP) (PG) (CD) 
CIRCLE 377 


JST Corp. 

1200 Business Ctr. Dr., 
Suite 400 

Mt. Prospect, IL 60056 

(708) 803-3300 

(DS) (Dl) (FC) (CE) (1D) (Z!) 

SM) 


CIRCLE 378 


Keystone Electronics Corp. 
31-07 20th Rd. 

Astoria, NY 11105-2017 
(718) 956-8900 

(DS) (IN) 

CIRCLE 379 


Kycon Cable & Connector 
Inc. 

1772 Little Orchard St. 

San Jose, CA 95125 

(800) 544-6941 

(DS) (D1) (CE) (ID) (SM) (CC) 

(PG) (CD) 

CIRCLE 380 


LEMO USA Inc. 

335 Tesconi Cir. 

Santa Rosa, CA 95401 
(800) 444-LEMO 
CIRCLE 381 


Lumberg Inc. 

420 Southlake Blvd. 
Richmond, VA 23236 
(804) 379-2010 

(Dl) (FC) (CE) (ID) (SM) 
CIRCLE 382 


MWS Wire Industries 
31200 Cedar Valley Dr. 
Westlake Village, CA 91362 
(818) 991-8553 

(CO) (FL) (TW) (SH) (WV) 
(PW) (MN) (HK) 

CIRCLE 383 


Manhattan Electric Cable 
Corp. 

Station Plaza 

Rye, NY 10580 

(914) 967-8000 

(RF) (CX) (DS) (DI) (SM) (CD) 

(MD) (CO) (TW) (SH) (PW) 

(HK) 

CIRCLE 384 


Mark Eyelet Inc. 
AMP Inc. 
63 Wakelee Rd. 
Wolcott, CT 06716 
(203) 756-8847 
(Zl) (SM) (DP) (PG) (CD) (MD) 
CIRCLE 385 
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/ 


| 
‘ MPH/MPL 


Metallized Polypropylene 
Film Capacitors 


Proven High Reliability 
.-. 100% Burn-in Tested 


Non-Inductive High Frequency 
Self-Healing High Current Design 


¢ 1.0 Mfd. to 30 Mfd. 
e 100 WVDC to 400 WVDC 
e >200 KHz Operation 
e —55°C to +105°C 
¢ +10% Std. (+5% (J) Opt., 
+20% (M) Opt.) 
¢ Low ESR, Low ESL, Low Impedance 
¢ High Current Construction 


ir TECH TIPS 


Type MPH and MPL axial lead 

High Current capacitors feature 
flame retardant wrapped and 

filled construction and meet the 
specifications of MIL Std. C-55514/9. 
Type MPL is designed with tinned lug 
terminals for high current (30A) 
applications. Offering superior 
environmental performance up to 
+105°C without voltage derating, Type 
MPH and Type MPL are excellent 
replacements for polycarbonate 
dielectric capacitors. The self-healing 
design provides excellent transient 
and surge protection. Non-inductive 
extended foil metallized windings are 
electronically welded to lead wire 
terminations, providing high ripple 
current and dV/dt ratings for pulse 
circuits along with rugged mechanical 
performance. Designed for operation 
at 20 to 100KHz min. with rated RMS 
ripple current. They are perfect for 
modern SMPS designs. 


©1988 ILLINOIS CAPACITOR, INC. 


The source for Quality. 
agarose and Delivery. 


fi TMOIS CAPAGITORING. CAPACITOR, INC. 


(708) 675-1760 
Fax (708) 673-2850 


CIRCLE 107 


| CONNECTORS | 


‘Vv SIX-ROW CONNECTORS 
TEAM FOR 810 CONTACTS 

The TBC Plus connectors, which 
come in 90- and 120-position versions, 
can be combined for high-pin-count 
interconnections of 810 positions or 
more. The connectors are on 0.100- 
by-0.100-in. contact centerline spac- 
ing. Pricing is about $0.12 per mated 
line. Delivery is in eight weeks from 


68, and 84 leads. The sockets accept 
JEDEC Type A plastic leaded chip 
carriers with tin-plated leads on 
0.050-in. centers. A high hold-down 
force prevents the chips from pop- 


receipt of order. fers substantial weight reductions 
AMP Inc. compared with comparable alumi- 
P.O. Box 3608 num connectors. Call for pricing. 
Harrisburg, PA 17105-3608 Deutsch Engineered 
(800) 522-6752 Connecting Devices 
> CIRCLE 469 Municipal Airport ping out. Raised inner platforms on 
Banning, CA 92220 the housing support the PLCC and 
Vv CYLINDRICAL CONNECTOR (714) 849-7844 prevent lead deformation. Call for 
OUTLASTS CORROSION > CIRCLE 470 pricing and delivery. 
After successfully completing five Molex Inc. 
years (44,000 hours) of testing, the W SOCKETS FOR PLCCs 2222 Wellington Ct. 
DG123 composite cylindrical connec- TAKE JEDEC CARRIERS Lisle, IL 60582 
tor has proved impervious to salt- __A line of through-hole square sock- (708) 969-4550 
spray corrosion. The connector of- ets houses PLCC packages with 44, > CIRCLE 471 
CONNECTOR AND PACKAGING MANUFACTURERS 
Markel Corp. 9180 Gazette Ave. (508) 453-5763 ODU U.S.A. (SM) (DP) (FL) (HN) (CA) 
P.O. Box 752, School Ln. Chatsworth, CA 91311 (CX) (DS) (Dl) (FC) (CE) (SM) 4620 Calle Quetzal B) 
Norristown, PA 19404 (818) 882-0244 (CC) (DP) (CD) (MD) (SS) eee a mattis CIRCLE 408 
(215) 272-8960 (CE) (DD) (ML) eg (FX) (PC) (805) 484 
(CO) (TW) (SH) (HK) (CA) CIRCLE 391 CIRCLE 3 ow rei vet (DS) (Dl) (CD) cienie % 
B 
CIRCLE 386 Mill-Max Mfg. Corp. Mupac Corp. CE 403 Sunnyvale, CA 94086-4018 
190 Pine Hollow Rd. 10 Mupac Dr. (408) 730-0300 
Master Circuits Inc. Oyster Bay, NY 11771 Brockton, MA 02401 Omega Shielding Products (RF) (CX) (CD) (MD) (SS) 
424 Apperson Way North (516) 922-6000 (508) 588-6110 Inc. (DD) (ML) (CO) (SH) (CA) 
Kokomo, IN 46901 (21) aed ag (DP) (PG) (CD) (DI) (FC) (ID) (CC) (PG) (DD) 1394 Pompton Ave. (EM) (MI) (CM) (FR) 
(317) 457-6605 CIRCLE (ML) (WR) (BP) (VB) (MB) Cedar Grove, NJ 07009 CIRCLE 409 
(SS) (DD) (ML) (FX) (PC) (IB) (BU) (GB) (GP) (BM) (201) 890-7455 
CIRCLE 387 pk ari (VR) (PT) (EM) (CM) (ER) (GK) (SE) ae 
Meritec Minneapolis, MN 55432 ois — Cranston, RI 02920 
div. of Associated (612) 571-3121 NAS Electronics Optima Enclosures (401) 463-3180 
Enterprises (FX) 381 Park St. 2166 Mtn. Indl. Blvd. (SS) (DD) (FX) (PC) 
1359 Jackson St., CIRCLE 393 Hackensack, NJ 07602 Tucker, GA 30084-5088 CIRCLE 410 
P.O. Box 8003 (201) 343-3156 (404) 496-4000 
Painesville, OH 44077 Hie bowie. (SM) (CC) (DP) (CD) (MD) (BP) (VB) (SB) (MB) (BU) Power Dynamics Inc. 
(CX) (FC) (CE) (ID) (SM) (CD) 544) 446 9664 CIRCLE 399 (WT) (PT) (EM) (MI) (CM) (201) 736 5722 
(CO) (FL) (TW) (SH) (WY) (vB) (sp) (ER) (ID) (CD) (PW) 
(ER) CIRCLE 394 Nemal Electronics Inc. CIRCLE 405 CIRCLE 411 
CIRCLE 388 12240 N.E. 14th Ave. 
N. Miami, FL 33161 PCD Inc. 
Methode Electronics Inc. 9575 Wellington Ct. (305) 899-0900 2 Technology Dr. eae 
Chicago, IL 60656 (09) 969-4550 (SH) (508) 532-8800 (303) 444-1461 
(on tc) (Ce) a) (SM) (CC) (RF) (CX) (DS) (D1) (FC) (CE) CIRCLE 400 CROaE soe. a: (IN) 
(DP) (PG) (CD) (MD) (WR) {oD GFLV (SHINY) Newman, M.M. Corp. canes sz 
(BP) (PC) (VB) (SB) (MB) (IB) CIRCLE 395 Heli-Tube Div. PacTec Praegitzer Industries Inc. 
(HN P.O. Box 615, 24 Tioga Way Div. of LaFrance Corp. 4270 Monmouth Cut-off 
CIRCLE 389 Molex Industrial Interfaces Marblehead, MA 01945 Enterprise & Executive Aves. Dallas, OR 97338-9532 
1325 Paramount Pky. (617) 631-7100 Philadelphia, PA 19153 (503) 623-9273 
Methode Electronics Inc. Batavia, IL 60510 (HN) (CA) (215) 365-8400 (SS) (DD) = (PC) 
9334 Mason Ave. (708) 879-6262 CIRCLE 401 (GP) (IN) (PT) (EM) (CM) (ER) CIRCLE 
Chatsworth, CA, 91311 (CD) (MD) CIRCLE 407 
(818) 886-7340 CIRCLE 396 Noble U.S.A. Precision Interconnect 
(SS) oe (mt) (FX) (BP) (PC) 5450 Meadowbrook Ind'l. Ct. Panduit Corp. 16640 S.W. 72nd Ave. 
CIRCLE Morfor Products Rolling Meadows, IL 60008 17301 S. Ridgeland Ave. Portland, OR 97224 
International (708) 364-6038 Tinley pe IL 60477-0981 (503) 620-9400 
Micro Plastics Inc. P.O. Box 657 (FX) (800) 777-3300 (CD) (CO) (TW) (SH) 
Connector Div. Lowell, MA 01853-0657 CIRCLE 402 (CX) (os) (Dl) (FC) (CE) (ID) CIRCLE 414 
(continued on p. 101) 
(see p. 103 for key) 
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RELIABILITY YOU CAN DEPEND ON! 


HIGH PERFORMANCE « MIL SPEC 


COMPLETE AC-DC/DC-DC MULTI OUTPUT SYSTEMS 
Rugged, high density power supplies to 8 watts per cubic inch 
(including off line front end)...up to 8 outputs and 500 watts per 
package...efficiencies to 80% plus. 


AC INPUT (typical) 


UP TO 8 DC OUTPUTS 


CONFIGURE-YOUR-OWN DESIGNS 

Choose inputs and outputs from pre-designed standard modules. 
Non-recurring engineering and qualification expenses are avoided. 
Deliveries are in weeks not months. 


ARNOLD a MAGNETICS 


POWER SUPPLIES 


PROVEN PERFORMANCE & RELIABILITY 

The no risk alternative to customs...standardized modular designs 
ensure reliability and reduce the chance of failure inherent in custom 
circuits and packages. Arnold’s 33 years 
experience in high rel power supplies 
assures designs field proven in 
hundreds of tough, high reliability 
Defense, Aerospace and 
Industrial Electronics 
applications. 


CALL TOLL FREE FOR OUR EL2000 CATALOG 


1-800-421-8181 (in california 805/484-4221) 


ARNOLD MAGNETICS CORPORATION 


4000 Via Pescador, Camarillo, California 93010-5049 
Phone: (805) 484-4221 * TWX 910-343-6468 « FAX: (805) 484-4113 


CIRCLE 119 


VERTICAL RESOLUTION VERTICAL ACCURACY VERTICAL SENSITIVITY 


TIMING RESOLUTION TIMING ACCURACY 


It all adds up to the world’s most 
accurate oscilloscope. 


The 9430’s precision — over a As the blackboard specifications show, 
full 150 MHz bandwidth and at 100 Ms/s LeCroy’s new high-resolution, digital 
— is absolutely unchallenged today. oscilloscope provides the power to 
uncover the most elusive details on very 
low level signals, or signals with a large 
dynamic range. 


Digital signal processing tech- 
niques are at your fingertips to give you up 


to 14 bits of resolution. What's more, you 
can even transform the Model 9430 into a 
powerful FFT spectrum analyzer. 


Give us a call today to find out 
how LeCroy’s new Model 9430 can add up 
to your most powerful problem-solving tool. 


LeCroy Corporation 
700 Chestnut Ridge Road — Chestnut Ridge, NY 10977-6499 
Phone: 1-800-5 LeCroy- (914) 425 2000 Fax: (914) 425-8967 


Innovators in Instrumentation 
CIRCLE 176 


Vv SOCKET STRIPS SPORT 
VERY LOW PROFILES 

Two low-profile socket strips for 
0.025-in. headers feature a very low 
profile of just 0.180 in. The SLW Se- 
ries sockets offer a highly reliable 
tuning-fork-style contact and a 
choice of single- or double-row 
strips. They accept pins from 0.022 to 


0.028 in. square. The CES Series fea- 
tures a folded dual-beam contact and 
a profile of 0.2 in. Both series start at 
$0.02 per pin. Delivery is from stock. 

Samtec Inc. 

P.O. Box 1147 

New Albany, IN 47151 

(800) SAMTEC9 

> CIRCLE 472 


Vv MULTISIGNAL CONNECTORS 
CAN BE DAISY-CHAINED 

Meritec’s Multi Signal Interconnects 
can be terminated in daisy-chain con- 
figurations to FEP, PTFE, or Filatex 
textile cables. The MSI connectors 
are offered in 10, 20, 26, 34, 40, 50, 
and 60 positions. They mate with 
0.025-in. square or round pins on a 
0.100-in. grid. In lots of 1000, a 40-po- 


sition, 12-in. double-ended Filatex ca- 
ble assembly with one daisy-chain 
connector would cost $33.58. Deliv- 
ery is in four weeks. 

Meritec 

P.O. Box 8003 

Painesville, OH 44077 

216) 354-3148 
> CIRCLE 473 


CONNECTOR AND PACKAGING MANUFACTURERS 


Preh Electronic Inds. Inc. 
470 E. Main St. (Rt. 22) 
Lake Zurich, IL 60047-2578 
(708) 438-4000 

(DS) (DI) 

CIRCLE 415 


Pyle-National Inc. 
1334 N. Kostner Ave. 
Chicago, IL 60651 
(312) 342-6300 

(RF) (CX) (CD) (MD) 
CIRCLE 416 


Radstone Technology Corp. 


20 Craig Rd. ‘ 
Montvale, NJ 07645 

(201) 393-2700 

(VB) (MB) (BM) (EM) (MI) 
CIRCLE 417 


Revere Aerospace Inc. 
845 North Colony Rd. 
Wallingford, CT 06492 
(203) 269-7701 

(CD) (MD) (SH) (WV) (HN) 
(CA) (ER) 

CIRCLE 418 


Ribbon Cable Co. 

8753 Lion St. 

Rancho Cucamonga, CA 
91730 

(714) 987-0007 

(FL) (TW) (SH) (WV) (HN) 

(ER) 


CIRCLE 419 


Richard Hirschmann 
of America 
Industrial Row, P.O. Box 229 
Riverdale, NJ 07457 
(201) 835-5002 
(AU) (Dl) 
CIRCLE 420 


Rittal Corp. 

3200 Upper Valley Pike 
Springfield, OH 45505 
(513) 399-0500 

(GP) (IN) (VR) 
CIRCLE 421 


Robinson Nugent Inc. 

800 E. 8th St. 

New Albany, IN 47150 

(812) 945-0211 

(DS) (Dl) (FC) (ID) (Z1) (SM) 
(CC) (DP) (PG) (CD) (BI) 
CIRCLE 422 


Rogers Corp. 

Flexible Interconnections 
2001 W. Chandler Bivd. 
Chandler, AZ 85244 
(602) 963-4584 
(CE) (SM) (CD) (FX) 
CIRCLE 423 


Rogers Corp. 

Composite Materials Div. 
One Technology Dr. 
Rogers, CT 06263 
(203) 774-9605 
(Zl) (SM) (CD) (BI) (CO) 
CIRCLE 424 


Rogers Corp. 
Microwave/Circuit 
Materials 

100 S. Roosevelt St. 

Chandler, AZ 85226 

(602) 961-1382 

(CO) 

CIRCLE 425 


Rogers Corp. 

Circuit Components Div. 
2400 S. Roosevelt St. 
Tempe, AZ 85282 
(602) 967-0624 
(PG) 

CIRCLE 426 


Rogers Corp. 

Power Distribution 
5750 E. McKellips Rd. 
Mesa, AZ 85205 
(602) 830-3370 
(FX) (BP) (SB) (BU) (GB) 
(PW) (HN) 

CIRCLE 427 


Rosenberger/Micro-Coax 
div. of UTI 
Box E, 245 W. 5th Ave. 


Collegeville, PA 19426-0992 
(215) 489-3700 

(RF) (CX) (CD) (MD) (CO) 
(HN) 

CIRCLE 428 


Samtec Inc. 

P.O. Box 1147 

New Albany, IN 47151-1147 
(812) 944-6733 

(FC) (ID) (21) (SM) (CC) (DP) 
(PG) (CD) (FL) 

CIRCLE 429 


Schroff Inc. 

170 Commerce Dr. 
Warwick, RI 02886 

(800) 451-8755 

(D1) (ML) (WR) (BP) (PC) 
(VB) (MB) (BU) (HN) (GP) 


Strongbox 

P.O. Box 2726 

Culver City, CA 90231-2726 
(213) 305-8288 

(GP) (MI) (CM) 

CIRCLE 434 


Switchcraft Inc. 
Components Div. 

5555 N. Elston Ave. 

Chicago, IL 60630 

(312) 792-2700 

(AU) (CX) (DI) (SM) (CD) 

(PW) 

CIRCLE 435 


Techmar Corp. 

2232 S. Cotner Ave. 
Los Angeles, CA 90064 
(800) 832-4627 


(BM) (CN) (IN) (VR) (PT) (EM) (MB) (GP) (BM) (IN) 


CIRCLE 430 


Shin-Etsu Polymer America 
Inc. 

34135 7th St. 

Union City, CA 94587 

(415) 475-9000 

(EL) (CD) 

CIRCLE 431 


Shogyo International Corp. 
287 Northern Blvd. 

Great Neck, NY 11021 

(516) 466-0911 

(AU) (CX) (DS) (DI) (SS) (DD) 
(WR) (PC) (CO) (FL) (TW) 
(SH) (PW) (HN) (PT) 

CIRCLE 432 


Shokai Far East Ltd. 

9 Elena Ct. 

Peekskill, NY 10566 

(914) 736-3500 

(AU) (RF) (CX) (DS) (D1) (FC) 
CIRCLE 433 


Stantron 

Unit of Zero Corp. 
6900 Beck Ave. 
N. Hollywood, CA 91605 
(818) 841-1825 
(BM) (CN) (IN) (VR) (EM) (MI) 
(CM) 


CIRCLE 436 


Technit Inc. 

129 Dermody St. 
Cranford, NJ 07016 
(201) 272-5500 
(ER) (GK) (VE) 
CIRCLE 437 


Technology 80 Inc. 

658 Mendelssohn Ave. N. 
Minneapolis, MN 55427 
(612) 542-9545 

(BP) (VB) (SB) (MB) (IB) 
CIRCLE 438 


Tecorp International 
Interconnect Div. 
19301 S. Santa Fe Ave. 
Rancho Dominquez, CA 

90220 
(213) 764-0040 
(CE) 
CIRCLE 439 


Teradyne Connection 
Systems Inc. 

44 Simon St. 

Nashua, NH 03060 

(603) 889-5156 

(Dl) (21) (SM) (CD) (ML) (WR) 

(BP) (PC) 

CIRCLE 440 
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Texas Instruments 
Connector Systems 

34 Forest St. 

Attleboro, MA 02703 

(508) 699-5213 

(PG) (CD) (MD) (BI) 

CIRCLE 441 


Thomas & Betts Corp. 
Electronics Div. 

1001 Frontier Rd. 

Bridgewater, NJ 08807 

(201) 707-2456 

(AU) (RF) (CX) (DS) (DI) (FC) 

(CE) (ID) (Zl) (SM) (CC) (DP) 

(PG) (CD) (MD) (CO) (FL) 

(TW) (SH) (HN) (CA) 

CIRCLE 442 


Tricon Industries Inc. 
Electromechanical Div. 

2325 Wisconsin Ave. 

Downers Grove, IL 60515 

(708) 964-2330 

(CD) 

CIRCLE 443 


Underwater Kinetics 

1020 Linda Vista Dr. 

San Marcos, CA 92069 

(619) 744-7560 

(GP) (IN) (WT) (PT) (EM) (MI) 
(CM) 

CIRCLE 444 


Veam 

100 New Wood Rd. 
Watertown, CT 06795 
(203) 274-9681 

(AU) (CX) (CD) (MD) 
CIRCLE 445 


Vector Electronic Co. 

12460 Gladstone Ave. 

Sylmar, CA 91342 

(818) 365-9661 

(SS) (DD) (ML) (WR) (BP) 
(PC) (VB) (SB) (MB) (IB) (BU) 
(GB) (GP) (BM) (EM) (CM) 
CIRCLE 446 


(continued on p. 103) 
(see p. 103 for key) 


Sampling ADCs With Zero Power Dissipation 
Plus 100% Tested Dynamic Performance. 


Anybody can guarantee the dynamic perfor- 
mance of a Sampling ADC. Like most other 
ADC suppliers, Sipex understands what 
dynamic performance means to the final 
image, and ultimate success of your system. 
That's why we run all-codes and full dy- 
namic production testing on 100% of our 
Sampling ADCs — to give you guaranteed 
dc and SNR, THD and SINAD ac dynamic 
performance. 


But, Sipex's 100% tested performance comes 
with one very important difference — the 
lowest power dissipation in the industry. 
*While we can't give you these high perfor- 
mance SADCs with no power dissipation, 
one look at "their" power dissipation specs 
will show you ours are almost zero by com- 


12-BIT/10MHZ (SP9560) 
(25°C at Nyquist) 

¢ 72dB Spurious-Free Range 
* 70dB SNR 

* 64dB SINAD 

* 3.0 Watts 


Cinav 


parison. Think what that will mean to 
system reliability. 


Of course, the high-level of integration, 
with single-package ADC, Sample-and- 
Hold and reference gets you an easier 
design-in, and less pc board space. 


When you're ready to design your next 
medical imaging, radar or other high per- 
formance system with the lowest-power 
SADCs available, let us know. We'll get 
you a data sheet and application note on 
either of these two high performance 
Sampling ADCs, and a unit to evaluate. 


Which will get you convinced. 100%. 


16-Bit/IMHz (SP9490) 
(25°C @ 1MHz Samping Rate) 
* 90dB Spurious-Free Range 
* 87dB SNR 

* 85dB SINAD 

* 2.7 Watts 


SIGNAL PROCESSING EXCELLENCE Sipex Corporation * 22 Linnell Circle * Billerica, MA 01821 * 1-800-272-1772 * (508) 667-8700 
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‘v PROTOTYPING BOARD 
CARRIES EISA LOGIC 


Su, MN 


Intel’s EISA bus-master interface 
chip and glue logic are already in- 
stalled and connected on the model 
4619-8 pad-per-hole active-interface 
prototyping board. The board gives 
designers the convenience of solder 
mounting and the flexibility of bare- 
board design with the added benefit 
of having the EISA interface ready 
to go. The board accepts most compo- 
nent geometries including DIPs, 
PGAs, and PLCCs. In lots of one to 


nine, the board goes for $250. Deliv- 
ery is from stock. 

Vector Electronic Co. 

12460 Gladstone Ave. 

Sylmar, CA 91342 

(818) 365-9661 

> CIRCLE 474 


‘v WIRE-WRAP SYSTEM 
PACKS MORE BOARDS 

Up to 20 of the LO-WRAP series of 
wire-wrap panels fit in an industry- 
standard 4HP (0.8-in.) pitch subrack, 
while other wire-wrap systems fit 
only 10 boards. The design is cen- 
tered on a new socket design that re- 
duces profile while permitting two 
full MIL-STD-11380B wraps with 30 
Awg wire. The board is available in 
26 configurations of board size and 
pin pattern. Pricing begins at $305 
with delivery in four to six weeks 


CONNECTOR AND PACKAGING MANUFACTURERS 


Vernitron Corp. 
Beau Products Div. 

P.O. Box 10 

Laconia, NH 03247 

(603) 524-5101 

(AU) (DS) (CD) 

CIRCLE 447 


Viking Electronics Inc. 
21001 Nordhoff St. 
Chatsworth, CA 91311 
(818) 341-4330 


(DS) (Dl) (FC) (CE) (SM) (CD) 
(MD) (BI) 


CIRCLE 448 


W. L. Gore & Associates Inc. 


Electronic Prods. Div. 
4755 E. Beautiful Ln. 
Phoenix, AZ 85044 
(602) 438-2017 
(RF) (CX) (CO) (FL) (TW) 
pe (PW) (HK) (HN) (ER) 


( 
CIRCLE 449 


WECO Electrical 
Connectors 
Trimex Bldg., Rt. 11 
Mooers, NY 12958 
(518) 298-4810 


(SM) 

CIRCLE 450 

Wieland Inc. 

466 Main St. 

New Rochelle, NY 10801 
(914) 633-0222 


(DS) (Dl) (FC) (CE) hed Nog 


(SS) alk (PW) (CA) ( 
(CM) (GK) (TB) 
CIRCLE 451 


Wilson Case Inc. 
P.O. Box 1106 
Hastings, NE 68901 
(402) 463-5040 


(IN) 
CIRCLE 452 


Zero Corp. (ML) = Multilayer 
Zero Enclosures (WR) = Wire-wrap 
777 Front St. (FX) Flexible 
Burbank, CA 91502 (BP) Backplane 
(818) 841-1825 (PC) — Printed circuit 
(GP) (BM) (CN) (IN) (VR) (VB) VME bus 
(WT) (PT) (EM) (Ml) (CM) (SB) Standard bus 
(ES) es) en (GK) (VE) (MB) = Multibus 
CIRCLE (IB) IBM PC bus 
(BU) Futurebus 
Zierick Manufacturing (GB) Other bus 
Radio Circle 
Mt. Kisco, NY 10549 Wire and Cable 
(914) 666-2911 (CO) Coaxial 
(ID) (SM) (PG) (CD) (FL) Flat : 
CIRCLE 454 (TW) — Twisted-pair 
(SH) — Shielded 
Zoltech Corp. (WV) Woven 
7023 Valjean Ave. (PW) Power cords/cables 
Van Nuys, CA 91406 (MN) — Magnet wire 
(818) 780-1800 (HK) — Hookup wire 
(GP) (EM) (CM) (HN) Harnesses 
CIRCLE 455 (CA) Cabling materials 
KEY Enclosures 
(GP) General purpose 
Connectors and Sockets (BM) —Bench-mounted 
(AU) Audio (CN) Consoles 
(RF) —Radio-frequency (IN) Instrument cases 
(CX) Coaxial (VR) Vertical racks 
(DS) —D-subminiature (WT)  Water-tight 
(Dl) DIN design (PT) Portable 
(EL) —_Elastomeric (EM) — EMI/RFI design 
(FC) Flat cable (MI) Military design 
(CE) Card edge (CD) Custom design 
(ID) — displace- Shielding 
i ; (ES) Electrostatic 
(2!) la insertion (MG) Magnetic 
(SM) Surface mountable peo a : 
(CC) Chip carriers FR Ferri 
(DP) _DIP/SIP (FR) Ferrites 
(PG) Pin-grid array (SE)  Sheets/strips 
(CD) Custom design phe oe A 
(MD) Military design Oe eee at 
(BI) Test and burn-in (VE) merit 
(HV) = High-voltage (WN) Windows 


Boards and Panels 
(SS) _One-sided 
(DD) Double-sided 


| PACKAGING | 


from receipt of order. 


Mupac Corp. 

10 Mupac Dr. 
Brockton, MA 02401 
(508) 588-6110 

> CIRCLE 475 


‘v BOARDS KEEP TABS 

ON LINE IMPEDANCE 
Printed-wiring boards with up to 16 
layers are fabricated using advanced 
modeling techniques that keep line 
impedences to within +10% of nomi- 


nal. End results are modeled with 
statistical process control, empirical 
equations, and time-domain reflec- 
tometry. The model accurately pre- 
dicts impedance values and avoids 
costly trial and error methods. Call 
for pricing and delivery. 

Graphic Research Inc. 

9334 Mason Ave. 

Chatsworth, CA 91311 

(818) 886-7340 

> CIRCLE 476 


v FAST DELIVERY FOR 

PRINTED-CIRCUIT BOARDS 
A wide range of services are avail- 
able including fast delivery of pe 
boards from Master Circuits. Proto- 
types are routinely produced in as lit- 
tle as 24 hours. All types of boards, 
from simple single-sided boards to 
complex multilayer boards with 4- 
mil lines and 12 layers, are available. 
Board materials include Teflon, FR- 
4, PC-75, Cem-1, polyimide, FR-370, 
and others. All boards are 100% in- 
spected. Call for pricing and deliv- 
ery. 

Master Circuits Inc. 

424 Apperson Way North 

Kokomo, IN 46901 

(317) 457-6605 

> CIRCLE 477 
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‘v SELF-WRAP OVERSLEEVE 
PROTECTS WIRE HARNESSES 


A self-wrapping oversleeve for wire 
harnesses requires no open ends for 
application, accommodates multiple 
breakouts, and is suited for long 
lengths. The Expando Flexwrap 
sleeving provides maximum cover- 
age and mechanical protection. The 
sleeving is offered in two types. Ex- 
pando DM is rated at 125°C and Ex- 
pando 686 DM is rated at 200°C. Nom- 
inal diameters range from 1/2 to 1-1/ 
4 in. Call for pricing. 

Bentley Harris 

241 Welsh Pool Rd. 

Lionville, PA 19353 

(215) 363-2600 

> CIRCLE 570 


‘V RIBBON CABLE NEARS 
COAXIAL STANDARDS 
High speed and high signal fidelity 
are the hallmarks of the Ribbon-Ax 
II ribbon cable, which can replace up 
to 64 conventional coaxial cables. 
The Ribbon-Ax II cable’s electrical 
performance closely approaches 
that of coax. Total system crosstalk 


with two lines driven is less than 1% 
at a rise time of 600 ps. The cable’s 
signal speed is 82% compared with 
68% for RG-178 coax. Pricing starts 
at $0.80 per conductor foot and de- 
pends on quantity and cable con- 
struction. Call for delivery. 

W.L. Gore & Associates Inc. 

P.O. Box 51900 

Phoenix, AZ 85076 

(602) 438-2017 

> CIRCLE 571 


‘v COAXIAL CABLE STAYS 
STABLE OVER TEMP 

Consistent electrical performance 
over a wide range of environmental 
conditions is provided by the Isocore 
Series 100 coaxial cable. The semi- 
rigid microwave cable is mechanical- 
ly and electrically superior to MIL-C- 
17 cable, Rogers claims. The cable’s 


dielectric eliminates the expansion 
and contraction found in standard 
PTFE dielectrics. Attributes include 
a 70% propagation velocity and nomi- 
nal impedance of 50 2. Call for pric- 
ing and delivery. 

Rogers Corp. 

One Technology Dr. 

Rogers, CT 06263 

(203) 774-9605 

> CIRCLE 572 


‘V POWER-SUPPLY CORDS 

GAIN JAPANESE APPROVAL 
The Japanese “T” mark will be ap- 
pearing on Belden’s power-supply 
cords for appliances and electronic 
equipment. Products with that mark 
conform to the Dentori Law, which 
regulates appliance and materials 
control in Japan. Approvals are for 
two- and three-conductor cords rated 
for 125 V at up to 15 A. All Belden 
plugs made to Dentori standards use 
the company’s PODSS design, which 
ensures that there will be no stray 
strands or shorts within the plug. 
The company will also offer OEM 
specials, and is ready to review 
OEMs’ “T” mark requirements. Call 
for pricing and delivery. 

Belden Wire and Cable 

P.O. Box 1980 

Richmond, IN 47375 

(800) BELDEN-1 

> CIRCLE 573 


‘v BACKPLANES SERVE 
64-BIT VME SYSTEMS 

The high-speed and low-crosstalk re- 
quirements of 64-bit VMEbus sys- 
tems using Motorola’s 68040 proces- 
sor are delivered by a line of back- 
planes from BICC-VERO. The back- 
planes use 1l-layer  strip-line 
construction to provide a good envi- 
ronment for transmission of high- 
speed signals. They offer full 80 
Mbyte/s systems capability. Pricing 
is in the range of $1300, depending on 
type and quantity. Delivery is from 
stock. 

BICC-VERO Electronics Inc. 

1000 Sherman Ave. 

Hamden, CT 06514 

(800) 242-2863 

> CIRCLE 574 


WY SHIELDED ENCLOSURES 
MEET TEMPEST NEEDS 
The E* Omega line of heavy-duty 
shielded enclosures protects against 
electromagnetic environmental ef- 
fects. Engineered for ultra-high-lev- 
el shielding in Tempest applications, 
the cabinets feature 12-gauge steel 
frame construction. The units’ ad- 
justable side struts and externally 


removable side panels give maxi- 
mum access to the cabinets’ interior. 
Cable entry is possible from the top 
or bottom. In addition, the units are 
compatible with most AMCO acces- 
sories. Call for pricing and delivery. 

AMCO Engineering Co. 

3801 N. Rose St. 

Schiller Park, IL 60176-2190 

(708) 671-6670 

> CIRCLE 575 
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‘v EQUIPMENT CONSOLE 
HOUSES WORKSTATIONS 


Operator interfaces, workstations, 
industrial computers, or other CRT- 
based equipment find a home in the 
D-10 equipment console. The top 
module is available in widths of 24, 
36, 48, and 60 in. All modules are 30- 
in. high and 21-1/2-in. deep. The in- 
strument panels can be hinged or 


held with fasteners. 
Hoffman Engineering Co. 
900 Ehlen Dr. 
Anoka, MN 55303-7504 
(612) 421-2240 
> CIRCLE 576 


‘VW HARDSHELL CASE 

PROTECTS LAPTOPS 
Engineered specifically to protect 
portable computers, a hardshell lap- 
top case is suited for those who de- 
mand durability. The cases are of- 
fered in a variety of interiors rang- 
ing from custom foam to padded di- 
viders. A wide range of colors and 
sizes is available. All cases are made 
of engineering-grade plastic. 

Underwater Kinetics 

1020 Linda Vista Dr. 

San Marcos, CA 92069 

(619) 744-7560 

> CIRCLE 577 


v BRAIDED EMI SHIELDS 

CAN BE ADDED LATER 
The growing EMI problem in cable 
assemblies is addressed by type 


THE POWER 
OF AN ACE! 


Power 30VA - 10KVA. 

Standard Voltage Classes. 
Medium to Large Volume. 
Contact us for more information. 


Basler Electric 


Rt 143, Box 269, Highland, IL 62249 
Phone 618/654-2341 + FAX 618/654-2351 


CIRCLE 109 
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XM400-1-100 shielding mesh/tape. 
The product can be added after the 
assembly is completed or to make 
shielding repairs. The two-ply tape, 
which is made of tinned copper, fea- 


tures a shielding effectiveness of 89 
to 90% from 30 to 990 MHz. A 100-ft 
roll goes for $35. Delivery is from 
stock to four weeks. 

Cole-Flex 

91 Cabot St. 

West Babylon, NY 11704 

(516) 249-6150 

> CIRCLE 578 
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MINIATURE PHOTODETECTOR 
POWER SUPPLIES 


For 


Photomultiplier Tubes & Photodiodes 


Short Circuit & Reverse Polarity Protected 
Mounts On Printed Circuit Boards 


Input & Output Floating 
Small & Lightweight 
Excellent Stability 

Low Ripple 


- Vt 


sc 
: 


Ferranti Venus 
399 SMITH STREET, FARMINGDALE, N.Y. 11735 
(516) 293-4100 * TWX: 510-224-6492 © FAX: 516-752-7976 


CIRCLE 149 
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Were giving 
away Our 


More project managers are using 
Microsoft’ Project for Windows than any 
other package. 

Probably because Microsoft Project 
for Windows wouldn't be any different if 
you'd planned it yourself. 

Work with data easily. Create cus- 
tomized filters, tables, even output. 


ffer gow ntil June 30, 1991 or 
onl: da, call (416) 568-350: 
of Micros 


ies last. The first working moc 
S. and Can 


del is free; additional models are $9.95 plus applicable sales PH. F 
side the U.S. and Canada, call (206) 936-8661.© 1991 Microsoft Corporation. All rights reserved. Microsoft and the Microsoft logo are registere d aad Making 


ement 


Manipulate PERT and Gantt charts by 
clicking and dragging. 

See for yourself. Just give us a call 
at (800) 541-1261, Dept. P96, and we'll 
send you a free working model. 


Making it all make sense’ 


tax, Offer good only in the 50 United States. In the U.S., call (800) 541-1261, Depit or information 
: Microsoft tered trademarks and Windows it all mal 


I] make 


VW VDT SHIELDING DEVICES 
KILL IMAGE GLITCHES 

Effective elimination of distur- 
bances to video images caused by 
magnetic interference is achieved by 
using a line of VDT shielding de- 
vices. The shields, which are custom 
fitted to any VDT, will restore color 
purity and minimize the shaking and 
flickering caused by magnetic fields 


emanating from other equipment or 
power lines. Call for pricing and de- 
livery. 

Amuneal Mfg. Corp. 

4737 Darrah St. 

Philadelphia, PA 19124 

(215) 535-3000 

> CIRCLE 579 


VW SNAG-FREE GASKET 
SHIELDS ENCLOSURES 

A snag-free, track-mounted berylli- 
um-copper shielding gasket is de- 
signed specifically for heavy-traffic 
enclosures. The Rite-Trak gasket in- 
corporates a reverse foldover lip to 
protect the assembly when the door 
of an enclosure is opened. The de- 
sign, which mounts simply and se- 
curely, facilitates replacement of 
damaged or worn gaskets, which can 
be removed with scissors. It can also 
be mounted for compression or wip- 
ing action simply by snapping it into 
a separate brass track that’s perma- 
nently attached to the enclosure with 
rivets or screws. Call for pricing and 
delivery. 


—— S| 
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Instrument Specialties Co. Inc. 

Delaware Water Gap, PA 
18327-0136 

(717) 424-8510 

> CIRCLE 580 


‘vv LONG-TERM SHIELD TAPE 

EFFECTIVELY BLOCKS EMI 
A tin-alloy-coated, copper-foil- 
backed tape features long-term elec- 
tromagnetic shielding, excellent sol- 
derability, and corrosion resistance. 
Type 1188 tape suits applications 
calling for reliable point-to-point 
electrical contact, EMI-RFI shield- 
ing, grounding, and static-charge 
draining. The tape’s tin-alloy coating 
give it good solderability, environ- 
mental stability, and corrosion resis- 
tance. It comes on a liner that per- 
mits easy handling and die-cutting. 
Call for pricing and delivery. 

3M Electrical Specialties Div. 

Building 130-3N-46 

P.O. Box 2963 

Austin, TX 78769-2963 

(800) 233-3636 

> CIRCLE 599 


CUT FREQUENCY HIGHS DOWN TO SIZE 
Micro/Q 3000 Controls High Frequency Noise From ASICs 


Design PGA packaged ASICS 
or MPUs into your board design 
and the noise level starts 
climbing. Surround these PGAs 
with standard 2 pin decoupling 
capacitors, and you'll use 
valuable board space and 
provide inferior decoupling. 


Micro/Q 3000 decoupling 
capacitors from Rogers provide 
excellent noise suppression over 
a wide frequency range. For 
space savings, they’re specifi- 
cally designed to fit under PGA 
devices such as fully custom 


Micro/Q 3000 capacitors fit under PGA packaged ASICs and MPUs. 


ASICs, MPUs and gate arrays - where low noise and high 


density are essential. 


Featuring the high performance reliability you’ve come to 
expect from Rogers, this family of very low inductance 


Also available through Mektron Europe, Ghent, Belgium 


and Rogers Inoue Corp., Nagoya, Japan. 


Micro/Q is a registered trademark of Rogers Corporation. 


decoupling capacitors is 
through-hole mounted under 
pin grid arrays, PGA sockets, 
and PLCCs/LCCs mounted in 
sockets. They are available for 
all PGAs in a variety of sizes 
and dielectrics, including X7R 
and P3J dielectrics for greater 
temperature stability. 


Micro/Q 3000 capacitors. Excel- 
lent noise suppression for high 
performance. 


Write or call for free literature 
and product samples. 


Technology for tomorrow built on TQC today. 


@ ROGERS 


Rogers Corporation 

Circuit Components Division 
2400 South Roosevelt Street 
Tempe, AZ 85282 

Tel: (602) 967-0624 

Fax: (602) 967-9385 
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Cs Computers and Communications 


The fast way to run RISC. 


NEC cache SRAMs maximize RISC processor speed. 


You've chosen a RISC processor to All feature an access time of 15 MIPS R3000 processors will be 
drive your speed-intensive system. or 2Ons, and all have address available soon. 
Now you're looking for memories — latches on-chip to drastically re- If you're running RISC, run it full 
fast enough to match that high- duce component countin cache _ throttle.With the new cache SRAMs 
performance engine. memory subsystems. Samples of | from NEC. For more information, 
NEC offers three cache SRAMsS_ ~— our 12ns cache SRAM for 40MHz__ contact NEC today. 
| for high-speed applications. Two Part Number Organization Access time Package 
devices are tailored for 25/33MHz uPD46741 BK x 20 x 2 15/20ns 68-pin PLCC 
MIPS R3000 processors; the third 46710 16K x 10x 2 15/20ns 52-pin PLCC 
. is for any RISC application. 46730 16K x 18 or 8K x 18x 2 15/20ns 52-pin PLCC 


)SA Tel:1-800-632-3531. Fax:1-800-729-9288. Germany Tel:0211-650302. Telex:8589960. The Netherlands Tel:040-445-845, Telex:51923 

weden Tel:08-753-6020. Telex:13839. France Tel:1-3067-5800. Telex:699499. Spain Tel:1-419-4150. Telex:41316, Italy Tel:02-6709108. Telex:315355 
K Tel:0908-691133. Telex:826791. |reland Tel:1-6794200. Telex:90847. Hong Kong Tel:755-9008. Telex:54561. Taiwan Tel:02-719-2377. Telex:22372 
Korea Tel:02-551-0450. Fax:02-551-0451. Singapore Tel:4819881. Telex:39726. Australia Tel:03-267-6355. Telex:38343 


CIRCLE 132 


For fast answers, call us at: 


‘Vv FORWARD CONVERTERS 

FIT IN FLAT PACKAGE 
For distributed-power applications, 
5- and 10-W models have been added 
to the FPD series of flatpack for- 
ward de-de converters. The convert- 


ers require no added cooling for nor- 
mal operation with inputs of 24 to 48 
V deand outputs of 5, 12, 15; and 24 V 
de. Their construction features sur- 
face-mounted devices fastened to an 
aluminum base for efficient thermal 
coupling. Pricing in single quantities 
is $45 for the 5-W model and $70 for 
the 10-W version. 

Kepco Ine. 

131-38 Sanford Ave. 

Flushing, NY 11352 

(212) 461-7000 

> CIRCLE 581 


v DC-DC CONVERTER HAS 
ULTRA-HIGH DENSITY 

A 0.50-by-2.4-by-3.6-in. de-de-con- 

verter module uses surface-mounted 

construction to produce a power den- 

sity of up to 58 W/in.*. Outputs from 


the pV 28 series of 200-to-250-W sin- 
gle-output MicroVerters are 5 V at 40 
A,12Vat20A,15Vat16A, 24 Vat10 
A, and 28 V at 9 A. Direct mounting 
of heat-dissipating components to 
the baseplate results in extremely 
low thermal resistance. Single-piece 
pricing is $225. 

RO Associates Inc. 

P.O. Box 61419 

Sunnyvale, CA 94088 

(408) 744-1450 
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‘v LOW-THRESHOLD MOSFETs 
SUIT MANY TASKS 


2 ee OTHER 
aa 1 OW THRESHOLD 
4 53 s 


PRODUCT 


4 STLICONIN: NEW 
TN & TP MOSFE 


| oe, 


Low threshold voltages and low on- 
resistance values mark 15 power 
MOSFETs. The TN, TP, and TQ Se- 
ries are general-purpose devices for 
use in a wide range of applications 
from level translation to motor con- 
trol and power regulation. The V¢s¢; 
of these devices makes them compat- 
ible with TTL and 5-V CMOS logic. 
At TTL levels, they exhibit lower 
Rpsion) than competitive products. 
Unit prices range from $0.56 to $4.64 
in lots of 1000. Lead times for large 
lots are four to six weeks. 

Siliconix Inc. 

2201 Laurelwood Rd. 

Santa Clara, CA 95054 

(408) 988-8000 

> CIRCLE 583 


| POWER | 


Vv 350-W SWITCHER 


PACKS FOUR OUTPUTS 


A 350-W, quad-output switching 
power supply fills critical applica- 
tions that call for parallel power 
sharing for expandable systems or 
redundant power supplies for reli- 
ability. The MPS-354-1224 supply 
uses Todd’s “zero” wire power-shar- 
ing technique. The low-profile, open- 
frame supply has a main output of 5 
V at 50 A. It also provides +12 V at8 
A with a 12-A peak capability and an 
auxiliary output of -12 V at 4 A. De- 
livery is from stock to six weeks. 

Todd Products Corp. 

50 Emjay Blvd. 

Brentwood, NY 11717 

(516) 231-3366 

> CIRCLE 584 


_-=FastLogic— 


Delay Lines 


8 Bit Programmable Delays 
.5 NS to 10 NS Increments 
Low Power Consumption 


Low Propagation Time 
High Speed 

40 Pins DIP 

High Accuracy 


data 
1a 


delay 


de 


inc. 


Clifton, New Jersey’07013 ‘©: (201) ‘773-2299 FAX (201) 773-9672 


CIRCLE 104 


| PASSIVES | 


‘v MOTORIZED POT 
INCLUDES INDICATOR 

An avionics-type dial and indicator 
helps measure or sense the levels or 
flow of liquids or gases when using 
the FS-758 motorized potentiometer. 
The precision device accepts up to 24- 
V de inputs to its de motor. Resis- 
tance range is from 1 kf to 100 ko. 
The function angle is 340° nominal 


ZL EGsG 


HIGH 
QUALITY/ 
LOW COST 
STATE-OF-ART 


with others available. The tempera- 
ture coefficient of resistance is per 
MIL-R-39023. In lots of one to nine, 
the device costs $350. Delivery is in 
12 to 14 weeks from receipt of order. 

Carter Mfg. Corp. 

237 Sugar Rd. 

Bolton, MA 01740 

(508) 779-5501 

> CIRCLE 585 


VACTEC 


PHOTODIODES 


EG&G Vactec’s complete line of planar silicon 
photodiodes—the cost-effective way to detect 
light, from ultra-violet through near-infrared. 
Excellent linearity in output signal versus 
light intensity, low noise, and fast speed of 
response often make them the ideal detector 


for automotive, communications, and 


dical instrumentation applications. They 
PERFORMANCE " 


are used in smoke detectors, cameras, 


security systems, X-ray detection 


equipment, flame monitors, encoders, bar code scanners, 
colorimetric analysis equipment, and other products. 

Stock and custom devices are available packaged as 
discretes or configured into arrays, screened or modified to 


meet particular demands. 


Call or write for new catalog: 


EG&G Vactec, Inc. 


10900 Page Blvd. m St. Louis, MO 63132 
(314) 423-4900 m TWX 910-764-0811 = FAX 314-423-3956 
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Vv SAW FILTER 
FOR CELLULAR PHONES 

A surface-acoustic-wave, double- 
mode resonator filter is designed 
specifically for use in cellular tele- 
phones. The SWS-type filters are 
four-pole devices that feature a low 
profile as well as linear phase and ex- 
cellent repeatability. Center-fre- 
quency range is from 82 to 95 MHz 
with a bandwidth of +15 or +12.5 
MHz. Call for pricing and delivery. 


Toko America Inc. 

1250 Feehanville Dr. 

Mount Prospect, IL 60056-6023 
(708) 297-0070 

> CIRCLE 586 


Vv ROTATABLE LED ARRAY 
LIGHTS LARGE LENSES 

The quandary of replacing incandes- 
cent lamps in large illuminated pan- 
els has been solved by the MS500 
variable LED array. The base ro- 
tates freely while maintaining con- 
tact with the pe board. Available in T- 
3-1/4 and T-4-1/2 screw and bayonet 
lamp bases and T-2 slide bases, the 
array is intended to light large 
square or rectangular lenses. Colors 
include red, amber, amber-yellow, 
yellow, and green. Pricing starts at 
$19.18 in lots of 1000. Delivery is in 
six to eight weeks. 

Data Display Products 

445 S. Douglas St. 

El Segundo, CA 90245-4630 

213) 640-0442 

> CIRCLE 587 


Vv 1-mF CAPACITOR 

BOASTS LOW INDUCTANCE 
A surface-mountable 1-mF capacitor 
with low inductance is now available. 
The 900 C capacitor has an operating- 
frequency range of 100 kHz to 100 
MHz and is rated at 100 V de from - 
55 to +125°C. The high-current com- 
ponent replaces tantalum and alumi- 
num electrolytic capacitors and is 
well suited for de-bias applications. 
It also offers low ESR of less than 1/ 
10 of an ohm from 0.1 to 100 MHz. 
Capacitance values are from 0.1 to 1 
mF. Pricing is $3 in lots of 10,000 for 
1-mF devices. 

American Technical Ceramics 

Corp. 

One Norden Lane 

Huntington Station, NY 11746 

(516) 547-5700 

> CIRCLE 588 


v USERS CAN ADJUST 
CURRENT-SENSING RELAY 

A rail-mountable current-sensing re- 
lay module works with other Wie- 
land analog modules that process, 
couple, and convert analog signals. 
The CSR module is protected against 
supply reversal and can operate over 
a range of 9.5 to 40 V de. Using a po- 


tentiometer on the unit, the current 
level that activates the relay can be 
adjusted by users between 4 and 20 
mA. Delivery is from stock to six 
weeks. Call for pricing. 

Wieland Inc. 

466 Main St. 

New Rochelle, NY 10801 

(914) 633-0222 

> CIRCLE 589 


‘V LIGHTED PUSHBUTTONS 

INSTALL WITH EASE 
A snap-lock socket-mounting design 
permits the A8G lighted pushbutton 
switches to be easily connected to its 
base for quick installation, replace- 
ment, or maintenance. The switches 
feature oil-resistant service ratings 
for commercial and industrial appli- 
cations. Options include SPDT or 
DPDT contacts with momentary, al- 
ternating, or indicator functions and 
a choice of screw terminals or #110 
quick-connect terminals. In lots of 
500, prices start at $5.90 for non- 
lighted versions and $7.80 for lighted 
types. Delivery is from stock to eight 
weeks. 

Omron Electronics Inc. 

1 E. Commerce Dr. 

Schaumburg, IL 60173 

(800) 62-OMRON 

> CIRCLE 590 
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| SWITCHES | 


Vv LOW-PROFILE PCB RELAY 
SWITCHES UP T0 14A 

Only 110 mW of coil power is re- 
quired to actuate the T75 Series pe- 
board relays. The devices, which 
stand just 0.591 in. tall, switch up to 
14-A loads. Meshing walls separate 
the relay’s motor structure from its 
contact cavity, ensuring 8-mm clear- 
ance and creepage distances as well 
as 4-kV dielectric strength. Standard 
coils are available for 3 through 60 V 
de. Nominal coil-power needs are 230 
mW, typically. Life is 20 million oper- 
ations. A T75 relay with 1 Form C 
contacts and a 24-V de coil goes for 
$2.29 in lots of 5000. Small quantities 
are delivered from stock. 

Potter & Brumfield Inc. 

200 S. Richland Creek Dr. 

Princeton, IN 47671-0001 

(812) 386-2314 

> CIRCLE 591 


v 16-A ROCKER SWITCH 
IS ATTRACTIVELY STYLED 

Cost-effective current switching is 
combined with attractive styling and 
a good tactile feel in the STR Series 
rocker switch. The 16-A device 
comes in oval or rectangular shapes 
and features tapered bezels. A re- 


cessed channel extends along the 
full length of the rocker to promote 
positive finger positioning. Pricing is 
$0.57 in lots of 10,000. Delivery is in 
from eight to 10 weeks from receipt 
of order. 

Micro Switch 

11 W. Spring St. 

Freeport, IL 61032 

(815) 235-6600 

> CIRCLE 592 


Low-Cost Industrial Position 
Sensor From Spectrol 


Spectrol offers a low-cost, high-quality con- 
ductive plastic pot with features that are 
normally associated with more expensive 
devices. This rugged design is ideal for 
sensing applications in industrial, off-road 
and agricultural equipment. The Model 157 
features a 7/8 inch diameter bushing or 
servo mount machined aluminum housing, 
ground stainless steel shaft and 2,000,000 
shaft revolution life. Specifications include a 
1KQ. to 50KQO resistance range, 2% linearity 
(0.25% available) and an operating tempera- 
ture of —55°C to + 125°C. Center taps, shaft 
seals and special resistance values are among 
the available options. 


Spectrol Electronics Corporation 
P.O. Box 1220, La Puente, CA 91749 
Phone: (818) 964-6565 Fax: (818) 810-1093 
CIRCLE 175 


1/4” Round Single-Turn Trimmer 
Meets MIL Spec 


Spectrol’s new 1/4” round single-turn cermet 
trimmer, the Model 75, offers three package/ 
terminal styles to choose from. The unit is 
available in side-adjust or two different top- 
adjust versions, with pin configurations to suit 
standard PCB applications. This low-cost 
space-saver is available in resistance ranges 
from 10 ohms to 2 megohms with a +10% 
resistance tolerance. It features soldered 
terminations, integral multifinger wiper, 
superior setability and stability, a TEMPCO of 
+100 PPM/°C, a CRV of 3%, and is sealed for 
solvent and aqueous cleaning. Tested to 
MIL-R-22097. 


Spectro!) 


Spectro! Electronics Corporation 
P.O. Box 1220, La Puente, CA 91749 
Phone: (818) 964-6565 Fax: (818) 810-1093 
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Pico (il 


SURFACE 


e All units meet MIL-T-27E 


Military designation is TF5R21ZZ for 
Transformers, TF5R20ZZ for Inductors 


Power of 125 Milliwatts 
at 1KHz (Series 70000) 
(.310"W x .310"H x .310"D) 

Max. distortion 5% 


Power of 400 Milliwatts 
at 1KHz (Series 71000) 
(.385”"W x .385”H x .385”D) 

Max. distortion 5% 


Freq ency Response 
+3dB, 400Hz-250KHz at 1.0 
Milliwatt 


Dielectric Strength 
All units tested at 200VRMS 


Insulation Resistance 
Greater than 10,000 Megohms at 
300VDC 


Operating Temperature 
—55°C to +105°C 

(all units can be supplied to class S 
requirements, + 130°C) 


Terminals 

Conductor is copper clad steel, 
tinned 100%. 

Electroplated per MIL-T-10727A and 
ASTM CCS B452. 


Thermal Shock 
25 cycles, method 107D, MIL-STD- 
202E, test condition A-1 


PICO manufactures complete lines of 
Transformers, Inductors and DC-DC Converters 


Delivery— 


Electronics, Inc. 


453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 


Call Toll Free 800-431-1064 
IN NEW YORK CALL 914-699-5514 
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NEW LITERATURE 


‘Vv MAGNETIC SHIELDING 

COVERED IN APP NOTE 
A guide to magnetic shielding is con- 
tained within a 12-page application 
note. The booklet includes sections 
on theory and materials as well as a 
guide to Amuneal products such as 
CRT shields, transformer shields, 
special shields, and heat treatment. 
Several technical graphs and tables 
illustrate properties of shielding ma- 
terials. A section details basic pa- 
rameters that impact on the design 
of magnetic shielding. 

Amuneal Mfg. Corp. 

4737 Darrah St. 

Philadelphia, PA 19124 

(215) 535-3000 

> CIRCLE 593 


‘v OPTOELECTRONICS IN 

SHORT-FORM CATALOG 
Products suchas 
Intelligent Dis- 
play devices, mil- 
itary high-reli- 
ability displays, 
numeric dis- 
plays, opto- 
couplers, LED 
lamps, IR emit- 
ters, and more are featured in a 48- 
page short-form optoelectronics cat- 
alog. The catalog includes informa- 
tion on Siemens product-quality pro- 
grams. 

Siemens Components Inc. 

Optoelectronics Div. 

19000 Homestead Rad. 

Cupertino, CA 95014 

(408) 725-3524 

> CIRCLE 594 


Vv WIRE & CABLE PRODUCTS 

DETAILED IN CATALOG 
A broad spectrum of wire-and-cable- 
based products are shown in a 272- 
page illustrated catalog. The book is 
divided into color-coded sections on 
product categories such as hook-up 
wire, communication cable, comput- 
er cable, coaxial cable, plenum cable, 
general-purpose wire, electrical wire 
and cable, power-supply cords, and 
more. Full product specifications 
and ordering information are includ- 
ed. 

Carol Cable Co. Inc. 

249 Roosevelt Ave. 

Pawtucket, RI 02862 

(401) 728-7000 
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v BROAD CONNECTOR LINE 

INCLUDES SOCKETS 
A wide variety of interconnection 
products is detailed in a 28-page 
short-form catalog. Products include 
socket connectors and headers, pc- 
board transition headers, D-sub- 
minis, dual in-line products, card- 
edge connectors, and many more. 
Shown are dimensional diagrams, 
electrical and mechanical specifica- 
tions, and ordering information. 

Carrot Components Corp. 

4620 Calle Quetzal 

Camarillo, CA 93012 

(805) 484-0540 
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Vv SYSTEM-PACKAGING LINE 

SHOWN IN LARGE CATALOG 
VME, VXI, Sun, Futurebus+, Multi- 
bus I, Multibus II, and PC/AT sys- 
tem hardware are detailed in a cata- 
log with more than 250 pages. Enclo- 
sures, subracks, backplanes, wire- 
wrap boards, bus analyzers, 
extender boards, 19-in. cabinets, and 
a full line of accessories are included. 
Also included are backplane pinouts 
for each bus structure, backplane- 
design concepts, safety and emis- 
sions standards, and enclosure-cool- 
ing information. 

Mupac Corp. 

10 Mupac Dr. 

Brockton, MA 02401 

(800) 92-MUPAC 

> CIRCLE 597 


v RF/DATA INTERCONNECTS 

IN 96-PAGE CATALOG 
A full line of 
BNC, TNC, 
twinaxial, mini- 
UHF, and F- 
type connec- 
tors are among 
the products 
featured in a 
96-page cata- 
log. Also in- 
cluded is a com- 
plete line of D-subminiature connec- 
tors in standard and pe-mounted ver- 
sions. The catalog is geared toward 
the OEM, data-installer, and com- 
mercial markets. 

Manhattan Electric Cable Corp. 

1 Station Plaza 

Rye, NY 10580 

(800) 288-MECC 
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From OC-3 to OC-12... 


Regenerate your SONET signals with 
our PLL clock and data recovery IC, 


7 If you are designing a fiber 

optic receiver subsystem for appli- 

cations requiring data rates from 

100 to 625 Mbit/s NRZ, you should find 

out more about our PLL-based 16G041-H 

clock and data regenerator. It’s a three terminal 

(data in, clock and data out) device in a compact 
1.25 inch x 1.25 inch flatpack package. 


The 16G041-H synchronizes an internal VCO 
directly to an incoming data stream and simul- 
taneously retimes and regenerates the data, 
unlike SAW filter clock recovery circuits which 
first filter the clock signal from incoming data 
and then retime it. Moreover, the 16G041-H 


generates a clock output in the absence of incom- 
ing data. The SAW filter does not. 


To find out more about our PLL clock and data 
recovery circuit as well as the other members of 
our complete high speed fiber optic communi- 
cations chip family including 16x16 crosspoint 
switch, limiting amplifier, transimpedance am- 
plifiers, laser diode driver, LED driver, MUX 
and DEMUX, call us today. 

United States and Canada (805) 499-0610, FAX (805) 499-2751 
Europe GIGA, +45 4343 1588, FAX +45 4343 5967 


Japan Nippon Imex, (81) 3-321-4415, FAX (81) 3-325-0021 
Korea Sam Jin Hi-Tech, (82) 2-722-2179, FAX (82) 2-734-0085 


GigaBit Logic 
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RF TRANS 


Over 50 off-the-shelf models... 


Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 
particular impedance ratio over a specific frequency 
range?...Mini-Circuits offers a solution. 
Choose impedance ratios from 1:1 to 36:1, 
connector or pin versions (plastic or metal case 
built to meet MIL-T-21038 and MIL-T-55831 re- 
quirements”). Ultra-wideband response achieves low 
droop and fast risetime for pulse applications. Ratings 
up to 1000M ohms insulation resistance and up to 1000V T, TH, TT 
dielectric voltage. For wide dynamic range applications involving 
up to 100 mA DC primary current, use the T-H series. 


5 Pe FR 
bent lead version 
style KK81 


Coaxial connector models are offered with 50 and 75 ohm TTH41 
impedance; BNC standard; request other types. Pent este X 65 wy 
Available for immediate delivery with one-year guarantee. 

Call or write for 68-page catalog or see our catalog in i 


EEM, or Microwaves Product Data Directory. 


‘units are not QPL listed case styles 


T, TH, case W 38, X 65 bent lead version, KK81 bent lead version 
TMO, case A 11, t case B 13 FT, FTB, case H 16 


NEW TC SURFACE MOUNT MODELS from 1MHz 


NSN GUIDE, 

MCLNO. NS MCLNO. NSN 
FTB1-1-75 pics 01-132-8034 TMO2-1 §950-01-183-6414 
— FTB1-6 5950-01 -225-8773 TMO2.5-6  5950-01-215-4038 
T1-1 §950-10-128-3745 TMO2.5-6T §950-01-215-8697 
a TIT 5950-01 -153-0668 TMO3-1T  §950-01-168-7512 
ao io. = cae I | % ! T2-1 5§950-01-106-1218 TMO4-1 §950-01 -067-1012 
7a 5 A Division of Scientific yee Ieolincs T3-1T 5950-01 -153-0298 TMO4-2 5950-01 -091-3553 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 14-1 5950-01 -024-7626 TMO4-6 §950-01 - 132-8102 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 T9-1 5950-01-105-8153 TMO5-1T  5950-01-183-0779 
T16-1 5950-01 -094-7439 TMOS9-1 5950-01 -141-0174 


TMO1-1 5950-01 -178-2612 TMO16-1 5950-01 ~ 138-4593 


FORMERS 


3KHz-800MHz fron $325 


Q FREQUENCY INSERTION LOSS PRICE $ 
RATIO MHz 
case style number MODEL 3dB 2dB 1dB i 
see opposite page NO. MHz MHz MHz (1-9) 
At ale T1-1T 1 05-200 05-200 08-150 .2-80 4.45 
T1-6T 1 003-300 003-300 01-150 02-50 6.95 
T2-1T 74 07-200 .07-200 1-100 5-50 4.95 
= > T2.5-6T 25 01-100 01-100 02-50 50-20 4.95 
T3-1T 3 05-250 05-200 1-200 5-70 4,95 
PRI SEC T4-1 a 2-350 2-350 35-300 2-100 3.25 
T4-6T 4 02-250 02-250 05-150 0.1-100 4.45 
T5-1T 5 3-300 3-300 6-200 5-100 4.95 
T8-1T 8 03-140 03-140 10-90 1-60 7.95 
T13-1T 13 3-120 3-120 7-80 5-20 4.95 
T16-6T 16 03-75 03-75 06-30 1-20 5.65 
TH 14-1H 4 10-350 10-350 15-300 25-200 5.95 
TMO TMO1-1T 1 05-200 05-200 .08-150 .2-80 7.95 
TMO2-1T 2 07-200 07-200 1-100 5-50 8.45 
+TMO2.5-6T 25 01-100 01-100 02-50 05-20 8.45 
+TMO3-1T 3 05-250 05-250 1-200 5-70 7.95 
TMO4-1 4 2-350 .2-350 35-300 2-100 6.25 
TMO5-1T 5 3-300 3-300 6-200 5-100 8.45 
TMO13-1T 13 3-120 3-120 7-80 5-20 8.45 
B* ii TT1-6 1 004-500 004-500 02-200 1-50 6.95 
TT1.5-1 15 075-500 075-500 2-100 1-50 5.95 
> Py TT2.5-6 25 01-50 .01-50 025-25 05-10 6.45 
PRI SEC TT4-1 3 05-200 2-50 2-50 1-30 5.95 
TT4-1A 4 0.1-300 0.1-300 0.2-250 0.3-180 6.95 
TT25-1 25 02-30 02-30 05-20 1-10 9.95 
TTMO_ TTMO25-1 25 02-30 02-30 05-20 1-10 11.95 
TTMO1-1 1 005-100 005-100 01-75 .05-40 11.45 
TTMO4-1A 4 0.1-300 0.1-300 0.2-250 0.3-180 13:95 
Gc Mi Ti-1 1 15-400 15-400 35-200 2-50 3.25 
T1.18-3 1.18 0.01-250 0.01-250 0.02-200 0.03-50 5.65 
71-6 1 01-150 01-150 02-100 05-50 5.65 
715-1 1S 1-300 1-300 2-150 5-80 4.45 
= - 715-6 15 02-100 02-100 05-50 0.1-25 5.65 
T2.5-6 25 01-100 01-100 02-50 05-20 4.45 
PRI SEC T4-6 4 02-200 02-200 05-150 1-100 4.45 
T9-1 9 15-200 15-200 3-150 2-40 3.95 
T16-1 16 3-120 3-120 7-80 5-20 4.45 
T36-1 36 03-20 03-20 05-10 1-5 6.95 
TO 1o-75 1 10-500 = 10-500 40-250 6.95 
TH TI-1H 1 8-300 8-300 10-200 25-100 5.95 
T9-1H 9 2-90 2-90 3-75 6-50 6.45 
T16-H 16 7-85 7-85 10-65 15-40 6.45 
TMO_ IMO1-02 1 1-800 1-800 2-500 = 9.45 
TMO1-1 1 15-400 15-400 35-200 2-50 6.25 
TMO1.5-1 1:5 1-300 1-300 2-150 5-8 8.45 
+TMO2.5-6 25 01-100 01-100 02-50 05-20 795 
+TMO4-6 4 02-200 02-200 05-150 1-100 7.95 
TMO6-1 6 3-200 3-200 5-150 5-50 7.95 
TMO9-1 9 15-200 15-200 3-150 2-40 7.95 
TMO16-1 16 3-120 3-120 7-80 5-20 7.95 
D T T2-1 2 050-600 050-600 1-400 5-200 3.95 
T3-1 3 5-800 5-800 2-400 — 4.45 
; = T4-2 4 2-600 2-600 5-500 2-250 3.95 
T8-1 8 15-250 15-250 .25-200 2-100 3.95 
PRI SEC T14-4 14 2-150 2-150 5-100 2-50 4.95 
TMO TMO2-1 2 050-600 050-600 1-400 5-200 7.95 
TMO3-1 3 5-800 5-800 2-400 - 8.45 
= TMO4-2 4 2-600 2-600 5-500 2-250 7.95 
* TMO8-1 8 15-250 15-250 .25-200 2-100 7.95 
TMO14-1 14 2-150 2-150 5-100 2-50 8.45 
FT FQt.22-1 1.22 005-100 005-100 01-50 05-25 35.95 
FT1.5-1 1.5 1-400 1-400 5-200 1-100 35.95 
e e 
FTB-1 1 2-500 2-500 5-300 1-100 36.95 
E PRI SEC FTB FTB1-6 1 01-125 01-125 05-50 1-25 36.95 
@FTB-1-75 1 5-500 5-500 5-300 10-100 36.95 
r 
T-622 1 0.1-200 0.1-200 0.5-100 5-80 3.25 
T626 1 0.01-10 0.01-10 0.2-5 04-2 3.95 
® Denotes 75 ohm models 
* FOR A AND B CONFIGURATIONS 
Maximum Amplitude Unbalance Maximum Phase Unbalance 
0.1 dB over 1 dB frequency range 1.0° over 1 dB frequency range 
0.5 dB over entire frequency range 5.0° over entire frequency range 
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New Version 2.0! 


Put LabWindows to Your Test 


____leeparatare Control Guten 
ature 7 


National Instruments Italy (02) 4830 1892 
National Instruments France (1) 48 65 33 70 
National Instruments Germany (089) 436 1447 
National Instruments Switzerland (056) 45 58 80 


STRUMENTS ® National Instruments United Kingdom (06) 35 523 545 
Nihon National Instruments K.K. (Japan) (03) 3788 1921 
e Software is instrument ® 
sore fa Pee : Call for a FREE Demo Disk and Catalog 
Austin, TX 78730-5039 (312) 794-0100 + (800) 433-3488 (U.S. and Canada) 


SEE US AT ELECTRO BOOTH 2034 CIRCLE 103 
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GET NEGATIVE RAIL 
USING CMOS GATES 


DAVID CUTHBERT 
Tektronix Inc., TV Waveform Displays Div., M.S. W3 100, P.O. Box 500, 
Beaverton, OR 97077. 


y implementing this inex- 
pensive circuit built with 
CMOS gates, a negative rail 
can be obtained from a posi- 
tive supply. The circuit’s input range 
is 1.2 to 7.0 V, and the no-load loss is 
only 1 mV. The negative rail can be 
generated from one 1.5-V cell. 


Two 74HC04 CMOS hex inverter 
chips are used in a charge-pump cir- 
cuit (see the figure, a). Two gates 
from U, form a 7-kHz clock oscilla- 
tor. The four remaining gates are 
paralleled for the positive side of the 
pump. All six gates in U, are paral- 
leled for the negative side of the 


pump (see the figure, b). When the 
clock is low, FETs A and B are on and 
C, is charged to V;,,. When the clock is 
high, C and D are on. C,’s positive 
end is grounded while its negative 
end is connected to the circuit’s out- 
put. The clock signal is coupled to the 
input of U, through Cs. U,’s input- 
protection diodes clamp the signal to 
ground, creating a dc bias across Cs. 

The converter output impedance is 
about 100 © and the maximum out- 
put current is 10 mA. With an input 
of 1.5 V, the no-load supply current is 
20 pA. With C = C, = Cy, the peak-to- 
peak output ripple equals V;,/ 
2RFC.O 


(a). In the simplified circuit, C and D are configuraed so that when the clock is high, the positive end of C, is grounded while the negative end is 


a A NEGATIVE RAIL IS OBTAINED froma positive supply by using two 74HC04 CMOS hex inverter chips in a charge-pump circuit 


connected to the output (b). 


™ cece SPICEZ MODELS 
fy 2.2, BIT BREAKDOWN 


DONALD B. HERBERT 
26284 Via Desmonde, Lomita, CA 90717. 


valanche-breakdown phe- 
nomena in bipolar junction 
transistors has been char- 
acterized in literature for a 
long time.!? The multiplication fac- 
tor (M) is commonly used to formu- 
lize the increase in collector current 
at or near avalanche breakdown, 
where: 
M = 1/[1-(V,,/V,)%]. 
ELE 


In this equation, V,,, represents 
the applied collector-base voltage, 
V, is the avalanche-breakdown volt- 
age, and N is the breakdown rate. N 
is an adjustable index depending on 
material constants and geometrical 
factors; for a silicon pn junction, N is 
about 3. 

The application of the M factor can 
be extended with a Spice2 implemen- 
Core ONE rc 
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tation. This is useful to study transis- 
tor operation in the vicinity of ava- 
lanche breakdown in various circuit 
configurations. 

The multiplication factor can be 
added to a Spice2 bipolar transistor 
model in the form of a controlled cur- 
rent source connected from collector 
to base with a current equal to (M-1) 
xX I, (Fig. 1). This is similar to a previ- 
ously pusblished approach.' Conse- 
quently, the added current source 
implements a total equivalent collec- 
tor current equal to M X I,, which 
reduces to I, at V,,, voltages well be- 
low avalanche breakdown. 

In Spice2, the augmented transis- 
tor model can be implemented with 
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1. THIS CIRCUIT serves asa 


model to implement the avalanche 
breakdown of a bipolarjunction 
transistor using Spice2. A multiplication 
factor (M) is included to control the 
increase in collector current at or near 
avalanche breakdown. 


an equivalent circuit (Fig. 2). In this 
circuit, the current-controlled cur- 
rent source (F) implements (M - 1) x 
I, and the voltage-controlled current 
source (G) in the auxiliary circuit im- 
plements a current equal to (V,,/ 
V,)X. The constant voltage 
sources—V, ,—are added as cur- 
rent-sensing elements to control F. 
As a result, they have a de value of 
zero. The current, I,, implemented 
by way of Fis: 


I,=I(V,) x UV,) + I(V,) x K(V,) 


which is equivalent to (M - 1) X I... 
Note that F is connected to the inter- 
nal collector and base nodes. That is, 
it’s internal to the collector and base 
bulk resistances, R,, and R,, respec- 
tively, which are added external to 
the Spice2 transistor model. 

The Spice2 coding for the aug- 
mented transistor model is supplied 
in the form of a subcircuit model for 
a 2N2222A transistor using typical 
data (see the table). Also, N is de- 
fined to be 3 and V, is 200. 

The augmented transistor model 
is also extended by Spice2 to supply a 
small-signal ac (frequency-domain) 
analysis using Spice2’s standard ap- 
proach. In other words, small-signal 
transconductance and conductance 
values for F and G are determined by 
Spice2 from a large-signal de bias- 
point calculation. They’re incorpo- 
rated automatically into the small- 
signal equivalent circuit that in- 
cludes standard hybrid-pi models of 
the built-in transistor elements.* The 


118 BD 


IDEAS FOR DESIGN 


SSUBCKT Q1 6 22 33 
: COLLECTOR BASE EMITTER 


BBP 228 2 ot 
Q1 1 2 33 G2N2222A 


F 66 4 POLY(3) Vi V2 V3 0.0 0 0 


G 0 3 POLY(1) 1 2 00 00 
* PO Pt 
v3 3 0 


000 10 0 1.0 
Va=200, 
0.0 1.25E-7 
P2 P3=(1/Va)**3 


N=3 


MODEL G2N2222A NPN (BF=240 IK=.1923 
+CJC=12PF PC=0.75 MC=0.33 TR=176NS 
+ME=0.5 TF=.265NS VA=55) 

ENDS Q1 


small-signal circuit provided can be 
used to study frequency response 
and stability when a transistor oper- 
ates in the avalanche-breakdown re- 
gion. 


1Linvill, John G., and Gibbons, James 
F. Transistors and Active Circuits. 
New York: McGraw-Hill, 1961. 


C2=933 NE=2 BR=1 RE=0.007 
IS=.0165PA CJE=20PF PE=0.75 


2Fitchen, Franklin C. Transistor 
Circuit Analysis and Design. New 
York: D. Van Nostrand Co. Inc., 1966. 
3Nagel, Laurence W. “SPICE2: A 
Computer Program To Simulate 
Semiconductor Circuits.” ERL-M520 
(May 9, 1975). Electronics Research 
Laboratory, College of Engineering, 
University of California at Berkeley. 


| = (Vop/Va)™ 


V3 


current-controlled current source (F) and a voltage-controlled current source (G). Three 


& 2. THE ORIGINAL MODEL IS REPLACED by an equivalent circuit with a 


voltage sources (V,_,) are added to control F. 


523 CAPACITOR PERMITS 
HIGHER SLEW RATES 


JERALD GRAEME 
Burr-Brown Corp., P.O. Box 11400, Tucson, AZ 85734; (602) 746-7412. 


he slew rate for the widely- 

used integrator circuit is lim- 

ited by amplifier phase-com- 
pensation requirements. 
Typically, the op amp chosen for an 
integrator must be compensated for 
unity-gain stability, which in turn re- 
stricts slew rate. Much greater slew 
rates, however, are offered by op 
PE 6st BR OONLE KE 
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amps that are phase compensated 
for higher gains. By employing feed- 
back-factor reduction (which re- 
duces amplifier phase-compensation 
requirements), integrators can be 
built around these higher-slew-rate 
devices. 

In this circuit, the OPA637 is com- 
pensated for gains of five or more 
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VACUUMSCHMELZE 


Inductive Components 
for ISDN 
Success through new materials 


Do you need signal transformers for So -interfaces or common 
mode chokes for RFI suppression, maybe for applications in 
consumer terminal equipment or terminal adaptors or for net- 
work terminal devices or extension equipment? Contact us 
immediately if you intend to be more successful than your 
competitors. Using our |SDN purpose developed core materials 


as a basis we offer: 
@ 2 reduction in volume up to 50% achieved through 


new high permeability core materials 
@ considerably improved assembly and cost-effectivity 


achieved through module design 
@ components meeting technical specifications as, e.g. 


in CCITT, FTZ, BABT and CNET 
@ high insertion losses in the frequency range specified 


Forward your individual requirements right away. You won't 


have to wait long for our solution. 


VACUUMSCHMELZE GMBH 
186 Wood Avenue South ‘Iselin, N.J. 08830 #F (201) 494-3530 (201) 3213029 4900006 431 


#S (**49) 6181/38-0: (**49) 61 81/38-26 45 - 4184 863 vac d 


Griiner Weg 37, D-6450 Hanau 
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BY ADDING a 
capacitor (C,), the 
integrator feedback 
factor stays below unity. 
Thus, higher-slew-rate op 
amps which are phase 
compensated for gains 
greater than unity can be 
employed. 


and supplies a slew rate of 135 V/s 
(see the figure). The equivalent uni- 
ty-gain stable OPA627 has a slew 
rate of only 55 V/s. To deliver the 
higher slew rate to the integrator, 
the circuit is modified by adding C,. 

Without C,, the typical integrator 
encounters a short-circuit feedback 
through C,. At high frequencies, the 
capacitor’s low impedance effective- 
ly shorts the feedback path, produc- 
ing a unity feedback factor. Feed- 
back factor is simply the voltage di- 
vider ratio reflecting the fraction of 
the output voltage fed back to the op- 
amp input. Without C,, this voltage- 
divider ratio becomes unity when 
C,’s impedance is very low compared 
to resistor R. 

Adding C, alters the high-frequen- 
cy feedback factor to reduce the op- 
amp phase-compensation require- 
ment. With C,, the voltage-divider 
ratio between op-amp output and in- 
put is reduced. At higher frequen- 
cies, C,’s low impedance no longer 
competes only with R’s fixed imped- 
ance. Now, R is bypassed by C, to 
counteract the dominance otherwise 
produced by C,’s falling impedance. 
As frequency increases, R’s signifi- 
cance is still removed, but C, retains 
the voltage-divider action. Ultimate- 
ly, the high-frequency feedback fac- 
tor becomes C,/(C, + Cy); this factor 
is easily made less than unity. Then, 
the op amp employed needn’t be uni- 
ty-gain stable. The higher slew rate 
version of the op amp is accommo- 
dated by the integrator circuit with- 
out concern for frequency stability. 

The op amp shown supplies a 2.5:1 
improvement in the slew rate avail- 
able to the integrator. In practice, in- 
tegrator slewing isn’t pushed to the 
op amp’s slew-rate limit. When an op 
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amp is rate limited, the amplifier in- 
troduces large errors. To counteract 
this, integrator slewing is set below 
the amplifier limit by hand picking 
the feedback elements. For the com- 
ponents shown, a 10-V level for e; 
produces a 4-mA current in the resis- 
tor. This current is delivered to C, 
where charging causes e, to slew at 
de,/dt = e;/RC, = 4mA/40 pF = 100 
V/ys. As a result, the slew rate de- 
manded from the amplifier is below 
its limit of 185 V/us and accurate in- 
tegrator response is retained. How- 
ever, this slew rate demand is above 
the 55 V/s available from the unity- 
compensated version of the amp. 

Adding C, doesn’t alter the cir- 
cuit’s basic integrator response. In- 
put signal e; is impressed on R to de- 
velop the feedback current e,/R. This 
current reacts with C,’s impedance 
to produce an output voltage of —e;/ 
(RC,s). Consequently, the output 
voltage continues to reflect the input 
signal’s integral. Because e; isn’t im- 
pressed on C,, this capacitor doesn’t 
affect the integrator circuit’s basic 
input-to-output response. 

Adding C,, however, will incur 
bandwidth and noise consequences 
and excessive C, capacitance should 
be avoided. Closed-loop bandwidth 
decreases and noise gain increases 
as the feedback factor is reduced. 
The best choice for C, sets the maxi- 
mum feedback factor for the mini- 
mum stable gain of the amplifier. 
Then, frequency stability is assured 
and the bandwidth and noise degra- 
dation is minimized. The maximum 
feedback factor, £,,,,,, meets the opti- 
mum condition when: 

1/B.,,.. = (C, + C,)/C, =A, 

Here, A, is the minimum gain for 
stable operation of the op amp. From 
LEC tr RO NEE 
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the above expression, the optimum 
C, is defined as: 


C, =(A,,, -— DC 


With this choice of C,, only noise 
performance is compromised for the 
higher slew rate. C, decreases the 
bandwidth, but from a higher start- 
ing point. The reduced phase com- 
pensation that requires the reduced 
feedback factor actually increases 
amplifier bandwidth. The lesser- 
compensated amplifier delivers the 
same bandwidth at A, that the 
greater compensated version offers 
at unity gain. Amplifier noise, how- 
ever, increases with the higher slew- 
rate option. The op-amp input noise is 
amplified by 1/8. At higher frequen- 
cies, adding C, increases noise gain 
from unity to 1/8, =(C, + C,)/C,. 

At first, it seems that frequency 
stability is also compromised by add- 
ing C,. This capacitor supplies a re- 
turn to ground for C,, resulting in a 
capacitive load on the op amp’s input. 
The load is C, = C,C,/(C, + C,). Still, 
this load is small due to practical limi- 
tations. As described above, an inte- 
grator’s output slewing is also limit- 
ed by the integrator feedback. In 
practice, any integrator that ap- 
proaches the op-amp slew rate has a 
relatively small value for C,.0 
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IFD WINNER 


IFD Winners for 
November 22, 1990 


Gary Kath and Sandy Hobbs, 
Sharp & Dohme Research Labo- 
ratories, P.O. Box 2000, R80-A18, 
Rahway, NJ 07065; (201) 594-5225. 
Their idea: “Create Control-Pan- 
el Labels.” 


Read all the Ideas for Design in 
this issue, select your favorite, 
and circle the appropriate number 
on the Reader Service Card. The 
winner receives a $150 Best-of-Is- 
sue award and becomes eligible 
for a $1,500 Idea-of-the-Year 
award. 
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Data Acquisition 
Systems 


When you 
can't afford 


compromise 


Fast becoming the Industry Standard 


DATEL’s broad line of complete hybrid Data 
Acquisition Systems provide unmatched perform- 
ance. Precision, speed, small size, low power, and 
functional integration. All have been optimized to 
save money, time, and space while minimizing 
layout and interfacing pitfalls in your Data 
Acquisition designs. 

Each HDAS has an on-board multiplexer, sample- 
hold, instrumentation amplifier, analog-to-digital 
converter, clock reference, and high impedance 
three-state outputs. 

Bottom line, compare these Data Acquisition 
Systems with any competitive units, and you'll see 
there is no reason to look anywhere else. 


DATA aca 
VISIT) 
HDAS-52amc | 'ON SYSTEN 


Throughput Power 


Model Bits (KHz) (Watts) Channels Package 

HDAS-16/8 12 50 1.45 ‘ 16SE/ 8D 62-Pin Hybrid 
HDAS-75/76 12 75 0.500 8SE/4D  40-Pin DDIP 
HDAS-538/534- 2 et? 250 aes “26 8SE/ 4D 40-Pin DDIP 
HDAS-528/524 12 400 2.6 8SE/ 4D 40-Pin DDIP 
HDAS-950/951 16 100 2.4 8SE/4D 40-Pin DDIP 


For details on how DATEL Data Acquisition Systems 
can improve your system performance, call or write 
DATEL, Inc., 11 Cabot Boulevard, Mansfield, 

MA 02048 (508)339-3000, FAX (508)339-6356. 


For NEW Catalog call 800-233-2765 


INNOVATION AND EXCELLENCE IN PRECISION DATA ACQUISITION 
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MAGNET WIRE 
For specialty coil and motor windings. 


While product miniaturization allows less 
space for components, MWS MICROSQUARE 
film coated magnet wire lets you design 
compact coils and small motors that 
deliver more power in less space. 

MICROSQUARE means miniature square 
and rectangular copper and aluminum 
magnet wire. Custom produced in sizes 
smaller than 14 AWG or 3500 sq. mil. cross- 
sectional area, MICROSQUARE is available 
in a wide range of solderable and high- 
temperature insulations in a variety of col- 
ors, with or without bondable overcoats. 

MICROSQUARE magnet wire was devel- 
oped to provide improved winding uni- 
formity and maximum use of space. When 
you're looking for options to meet the 
most demanding coil, small motor, or 
other special application requirements, 
without size limitations or quantity mini- 
mums, take a good look at MICROSQUARE 
magnet wire. 


Illustration of cross-section 
of typical coil winding 
using round magnet wire. 


Illustration of cross-section 

of coil winding using 

MWS MICROSQUARE magnet wire. 
Note improved winding uniformity 
and maximum use of space 


Call or write for your free copy of our 
new Technical Data and Capa- /-— 
bilities Brochure. It contains | 
valuable information on all 
wire produced and inventori- 
ed by MWS Wire Industries. 

Samples of MICROSQUARE 
are available upon request. 


Wire Industries 


31200 Cedar Valley Drive, Westlake Village, CA 91362 
CALL TOLL FREE 800 423-5097 
818 991-8553 FAX 818 706-0911 


CIRCLE 180 MICROSQUARE is a tradernark of MWS Wire Industries 


OFFERS YOu 
CANT REFUSE 
free disk demonstrates the 
Schema Susie simulator for 
TTL, CMOS, PLDs, GaAs, micro- 
processor, and other ICs. With 
the simulator, designers can perform tim- 
ing analysis to 10 ps. The disk is available 
from Omation, 801 Presidential Dr., Rich- 
ardson, TX 75081; (800) 553-9119. 


ntel Corp. will offer a free semi- 

nar on analog design to be held in 

several U. S. cities this spring. De- 

sign issues include static dis- 
charge, EMI/EMC, noise, and electrical 
transients. The seminars will be held April 
8 in Phoenix; April 10 in Santa Clara, Calif; 
April 15 in Boston; April 16 in Minneapolis; 
April 17 in Chicago; and April 18 in Dallas. 
For further information or to register, call 
(800) 548-4725. 


he American Association of Con- 

cerned Engineers aims to carry 

on the goals of Irwin Feerst and 

the Committee of Concerned En- 
gineers. Dues are $10 a year. Membership 
includes a subscription to the AACE’s 
newsletter, which publishes articles, col- 
umns, along with readers’ opinions on is- 
sues facing engineers. The AACE is con- 
cerned with layoffs among engineers and 
drops in salaries and benefits. In a recent is- 
sue, the organization urges reforms in IEEE 
election policies. Contact AACE Inc.,, P. 0. 
Box 667, Trilby, FL 33593; fax (904) 567- 
0433. 


free videotape is available on 

VRTXdesigner, Ready Systems’ 

simulator for VRTX32-based 

applications. The software 
eases development of VRTX32 embedded- 
systems software by simulating the work- 
ings of the VRTX32 kernel. VRTXdesigner 
is aimed at embedded-system designers 
building real-time applications with VRT32 
and VRTXvelocity. Contact Ready Systems 
at 470 Potrero Ave. Sunnyvale, CA 94086; 
(800) 228-1249; (408) 736-2600. 
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EDITED BY SHERRIE VAN TYLE 


MARKET FACTS 


igorous best describes growth in digital signal processors. Against the tide of Jap- 
anese imports, the U. S. is shipping DSP chips to Japan. NEC, once the world leader 
in DSP chips, now trails several U. S. companies. Texas Instruments, for one, has 
captured about 60% of a worldwide market worth about $882 million last year, 
according to market researcher Forward Concepts. The Tempe, Ariz., market researcher pre- 
dicts growth at a 28% annual rate to reach $3 billion by 1995. 

Some market segments will grow as much as 100% during that time span vs. 14% growth for 
all ICs by 1995. Not only are DSP chips replacing analog ICs in current designs, but new 
application areas are opening up for these fast DSP chips. 

The DSP IC market consists of DSP chips and function and alogorithm-specific (FASIC) 
chips. Sales of DSP chips are expected to grow from $285 million in 1990 to hit $1.3 billion in 
1995. These chips are going into modems, disk drives, cellular phones, and consumer entertain- 
ment products. 

Behind market leader TI are Motorola, with about 10.2% of the world market, NEC, with 9.1%, 
AT&T, with 8.4%, and Analog Devices, with 6.3%. Fujitsu and Oki are turning away from the 
general-purpose market to concentrate on modem and other non-programmable DSP chips. 

In the FASIC arena, other hot areas are video compression, multimedia, high-definition TV 
sets, chips to augment CD/DAT stereo chips and speech chips for answering machines. This 
market sector is expected to grow from $392 million last year to $1.4 billion in 1995. Another 
growth area is that for alogrithm-specific devices in military and medical-imaging markets, 
which is expected to grow at a 12% compound rate. 


Building 
blocks 


MPUs 


General-purpose 
DSP 


FASICs 


DID KNOW? . 


... that the U.S. share of the $814 billion world electronics market (including software and 
data processing) dropped from a 47% share in 1984 to 38% in 1989. 


YOU 


Electronic Industries Association 


Motorolas In Real 


© 1990 Motorola, Inc, Motorola Computer Group is a member of Motorola's General Systems Sector. VMEexec is a trademark of Motorola, Inc. All other product or brand names mentioned are trademarks or registered trademarks of 
their respective holders. 


-lime, Big-lime. 


J] ne glance at the full array software development even 
| of options Motorola offersin | before the hardware is available. 
}| real-time, and you'll see why If you're thinking about 
=_1 it’s become the developer's real-time, you should be think- 
platform of choice. For both target ing about time to market, and 
and host environments, no other that’s all the more reason to 
single vendor has anything like it. think Motorola. Especially 
One reason is our long-time when you consider that we can 


experience with real-time technology, | helpspeed product integration 


beginning with our by serving as a single source 

pioneering work back for boards, software and 

in 1980. Another is the systems. Add to that the Right now, Motorola real-time systems are hard at work 
2 : - os in critical applications worldwide. 

broad spectrum of our industry's best applications 

product line, which expertise and design support, CISC to RISC in both the develop- 

includes ICs, boards, ranging from small embedded ment and run-time environments. 

systems, and software. control systems to multi-processor Give us a call today at 1-800- 

In short, Motorola has simulation. Then factor in Six 624-8999, ext. 230, and put the real- 

everything you need to build real- Sigma quality control And remember | time resources of Motorola on your 

time applications ranging from simu- | that Motorola gives you the indus- side. We think you'll find the benefits 


lation to industrial automation to try’s only true migration path from are very big, and very real. 
imaging and more. ; Tse “3 

Yet another reason to choose é ] ‘ull 
Motorola is our unending commit- 


ment to open standards. Our real-time t Motorola, extends all the way to as for development. 
platform gives you standards-based A we've dedi- the end-user. Today, you | Several human inter- 
choices at various levels of inte- cated anentire | canuseVMEexectoport | faces are available for 
gration. The centerpiece of this non- division solely to real- UNIX applications toan | UNIX, including Motif, 
proprietary approach is VMEexec.” time development SVID-compliant (and X.11 and DeltaWINDOWS™ 
our wide-open, totally integrated systems. Our real-time | soon,POSIX-compliant) | As for networking, 
development environment.VMEexec | system architecture real-time environment, | Motorola supports all 
allows you to use standard UNIX* begins at the micro- and vice versa. And they | popular protocols, 
interfaces to write a single set of appli- | processor levelineither | can be used for run- including TCP/IP, NFS, 
cation code, and then reuse it for CISC or RISC, and time capabilities as well | SNA,OSI,and X400. 
other projects. Better still, you can We also offer database 
combine any software product that INTEGRATED REAL-TIME PLATFORM and CASE tools, and 


conforms to these standards. VMEexec 
includes a high-performance real- 
time executive, a strong run-time 
connection to UNIX-based systems, 
flexible and efficient real-time I/O and 
file systems, as well as powerful 


you can work in C, 
LISP FORTRAN, ADA, 
BASIC, COBOL, and 
PASCAL. Put it all 
together, and you will 
discover only one com- 


development and debug capabilities. pany gives you the full 
And because VMEexec is integrated story on real-time, and 
with the hardware, you can begin that’s Motorola. 
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In a recession, as the value of 
the dollar drops, U.S. exports 
pick up and imports slow. So 
predicts Henderson’s Electronic 
Market Forecast. Stepped-up 
exports give a boost to industri- 
al production and use of manu- 
facturing capacity. This in turn 
stimulates capital spending to 
increase production capacity 
and make it more efficient 
(right). Capital spending creates 
direct spending for commercial 
electronics such as communica- 
tions, computers, and industrial 
electronics. A similiar pattern 
produces increased spending 
for consumer electronics (left), 
especially automotive products. 


SHORT-TERM ELECTRONIC INDUSTRY FORCES 


VALUE OF DOLLAR 
TRADE 


INDUSTRIAL PRODUCTION 


EMPLOYMENT CAPACITY UTILIZATION 
CONSUMER SPENDING CAPITAL SPENDING 


CONSUMER ELECTRONICS COMMERCIAL ELECTRONICS 


Source: Henderson Electronic Market Forecast 
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ave you ever struggled to proof- 

read a computer screen or wished 

that your electronic messages 

could be read aloud? From First 
Byte, Monologue 2.0 converts text or ASCII 
data into speech using phonetic translation 
and pronunciation rules. Examples include 
spreadsheets, word processors, databases, 
and e-mail. 

Any pronounceable combination of letters 
and numbers can be spoken; pronunciations 
can be corrected. Monologue is a terminate- 
and-stay-resident program (TSR) that can be 
activated by a hot key. Programmers who'd 
like to add speech to an application can li- 
cense the software. Monologue, which lists for 
$149, works with IBM PCs, XTs, ATs, PS/2s, 
or compatibles, with at least 384k. Look for a 
Windows 3.0 version in April. Contact First 
Byte, 3100 South Harbor Blvd., Suite 150, San- 
ta Ana, CA 92704; (714) 432-1740. 


Ithough it can use the speaker 

built-in to PCs, Monologue also 

works with speech accessories 

like Covox’s Speech Thing. It is an 
8-bit DAC that connects in line to a PC’s par- 
allel printer port. The unit converts digitized 
or synthesized speech from a software pro- 
gram’s sound file. No speech card is needed. 
The software includes a talking calculator, 
blackjack game, music keyboard, and sound 
editor. The Speech Thing lists for $79.95, 
works with the foregoing PCs, and requires 
256k, DOS 3.0, and GW Basic. Covox Inc., 675 
Conger St, Eugene, OR 97402: (503) 342-1271. 


Perspectives on Time-to-Market 


BY RON KMETOVICZ 
President, Time to Market Associates Inc. 
Cupertino, Calif.; (408) 446-4458, fax (408) 253-6085 


n the March 14 column, I shared with you one of my experi- 

ences in creating a project model. Getting people involved in 

modeling and planning was the only way I could get individuals and groups to set 

priorities, focus their energies, understand their roles, encourage collaboration, 
elicit creativity, and develop a spirit of shared responsibility. This effort must be a shared 
experience; a shared plan cannot be done with only a computer system. To do the planning 
exercise justice, one must create and manage information and communication among many 
people. Research and development, marketing, and manufacturing work in a highly interac- 
tive mode. Because of tight coupling between individuals and the complete removal of 
functional partitions, the product's developers must fully understand who needs what from 
whom and who will do what by when. 

Producing the network model captures the dependencies as it describes the flow of work 
leading to the resultant new product. The database created from the modeling exercise 
becomes instrumental in reaching time to market goals. Also, the information produced 
from the data makes it possible to observe the process visually and graphically. You need 
the freedom to easily modify large network models, create new branches and networks, and 
see the entire picture while these changes are taking place. It’s quite likely that the 
modeling of projects requires the visual manipulation of hundreds to thousands of elements 
to complete the development of a realistic hierarchical and network model. 

Tools and techniques should be easy for people to learn and handle. People must be 
encouraged to produce models that are based on familiar techniques like writing entries on 
a calendar or generating a to-do list. The team developing the shared plan does not have the 
time to send everyone off to planning school to make their team members effective hierar- 
chical and network thinkers. Training must be quick and accurate. Ideally, the tools and 
process should eliminate, or greatly reduce, the need for structured training by relying on 
information and skills that most people already have. Where possible, those skilled in un- 
derstanding concepts and using tools should help develop the skills of their coworkers. 


man ona British TV talk-show was asked, ‘To what do you 

attribute your exceptionally long life?” The man thought a 

moment and replied, “To bad luck, mostly.” With a little 

luck and modern medicine, most engineers can expect to 
live into their 80s and beyond. Longevity, while a blessing, increases 
chances of needing long-term health care. 

According to the U.S. Bipartisan Commission on Comprehensive 
Health Care, two million Americans over age 65 live in nursing homes. 
By the year 2030, that population will more than double. The average 
nursing home bed costs over $30,000 per year, with some running as 
high as $80,000. As a result, a serious illness could devastate your net 
worth—and your carefully laid retirement plans. One remedy is long- 
term health care insurance. A good policy makes it possible to protect 
your assets and your income from huge medical bills. 

Look for a policy that includes all these features: 

No prior hospitalization requirement. You receive bene- 
fits whenever you need them, without having to prove a preexisting 
medical problem. 

eLifetime coverage option. Many people have purchased poli- 
cies, only to have their coverage canceled when ill health strikes. 
eInflation protection. Your benefits should keep pace with 
health-care inflation, currently estimated at 12% per year. 
eLimited exclusions. Make certain that Alzheimer’s disease, se- 
nility, and related cognitive impairments are covered. 


QUICK NEWS: 

THE PROFESSION 
ngineering students receive a 50-year- 
old set of tools and a view of technology 
that is five years out of date by the time 
they reach the workplace, says Joel Orr, 

an expert on manufacturing automation. That’s why 
Orr has started the League for Engineering Auto- 
mation Productivity, or LEAP. His goal is to bring 
automation to engineering and bring engineers up to 
speed on automation. Orr hopes to sign up 5,000 engi- 
neers by the end of the year. 

LEAP is assembing a demonstration center of 
workstations from the likes of HP, Silicon Graphics, 
and Sun. The center, in Virginia Beach, Va. has room 
for 18 workstations at a time, with vendors loaning 
them for about six months at a time. That way, the 
center stays current. 

A $25 yearly membership buys a newsletter, use 
of the demo center, discounted attendance at the 
Congress on the Future of Engineering, to be held 
July 1-2, in the Washington, D. C area, publications 
that have case studies and how-tos, a series of prod- 
uct-recognition awards, based on the votes of mem- 
bers, sponsored research projects, and regional sem- 
inars. LEAP’s first research project is a study com- 
paring the quality of engineering graduates with 
industry expectations. It will also examine engineer- 
ing educators’ evaluations of their students, com- 
pared with the graduates’ acceptability to industry. 
It will rank schools in terms of their graduates’ com- 
puter literacy. Contact LEAP: (800) CADDCAM or 
(804) 495-8547. 


Any 16-bit 
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LOOK 


Most important, purchase your policy from a financially sound insti- 
tution. Look for a top (A+) rating by A. M. Best, the insurance indus- 
try’s most widely respected rating service. 

While the cost of this protection varies, the constant is that the 
younger you are when you purchase a long-term health care plan, the 
lower the cost and the higher the daily benefits. A typical plan might 
cost a 55-year-old policyholder $850 per year. But if that policyholder 
waited until he was 75 to purchase the same plan, his premiums might 
be more than $3,500 a year. Daily benefits for the 55-year-old also 
might be up to 40% more than those for the 75-year-old. Each policy dif- 
fers. 

An engineer should weigh the purchase of a long-term health care 
policy according to his circumstances. Write for the Health Insurance 
Association’s free pamphlet, “The Consumer's Guide to Long-Term 
Care Insurance,” which lists companies offering these policies, from 
HIAA, P. 0. Box 41455. Washington, D. C. 20018. 

Finally, consider that the chances of having a fire are less than 5%, 
yet none of us would dare be without fire insurance to protect our 
homes. Unfortunately, our chances of needing long-term health care 
are many times greater than that. For a free copy of “The Changing 
American Dream: the Real Definition of Retirement,” a Shearson 
Lehman Bros. publication, call or write to me at the address below. 
Henry Wiesel ts a financial consultant with Shearson Lehman 
Bros., 1040 Broad St., Shrewsbury, NJ 07702; (800) 631-2221. 


WHICH MICROPROCESSORS WILL YOU USE 
IN DESIGNS IN THE NEXT 12 MONTHS? 


20 40 60 80 


Source: a survey of Electronic Design readers conducted by the Adams Co., Palo Alto, Calif. 


8...80V INPUT DC-DC’S 


MTBF’S TO 350,000 HOURS 
The PSR, PSK & SMR families offer input ranges as wide as 
8...80Vdc, outputs from 5...720 watts and efficiencies up to 
95%. Ideally suited for Instrumentation, Industrial Controls 
or Mobile Communication systems, where High-Rel power 
conversion is a must. 

* Outputs of 2...36 Vdc, up to 25 Amps 

* -25...71°C or -40...85°C ambient 

* Short/Open circuit proof 

* Shock/Vibration per MIL-STD 810D 

* PCB, 3U rack or chassis mount formats 

* Many options available 

*100’s of models to choose from 
For more information contact MELCHER at 800-828-97 | 2. 
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DC-DC’S FROM 1...10 WATTS 
DISTRIBUTED POWER, 4:1 INPUTS 


For distributed power or hand-held instrument applications, 
the ICR, IWR & IPS units offer the widest input ranges and 
fully regulated outputs in low profile, PC board-mount 
packages. These units are completely isolated and available 
with up to three outputs. 

* Input ranges of 4.5...5.5, 10...33, and 18...72 Vde 

* Isolation voltages from 500...8kVdc 

* Single, Dual, Triple outputs of 2...48 Vdc 

* -25...71°C, -40...85°C ambient 

* Industry Standard pinning 
For more information contact MELCHER at 800-828-9712. 
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50 WATT DC-DC/AC-DC CONVERTERS 
5:1 DC INPUT, UNIVERSAL AC INPUT 


The M series offers complete versatility for systems 
requiring extremely wide AC or DC inputs, high isolation, 
and rugged power conversion products. These units are 
well-suited for Airborn Instrumentation, Locomotive/Process 
Controls, and Telecom applications. 

+ 8...35, 14...70, 28...140, 44...220 Vdc, 85...264 Vac Inputs 

* Single, Dual, Triple outputs, 2...48 Vdc 

* UL/CSA/VDE, British & French Rail Board Approved 

* MIL-STD 704D (28V, | 15V/400Hz) 

* Isolation up to 4,000 Vrms 

* Open/Short circuit proof 
For more information contact MELCHER at 800-828-9712. 


MELCHER. 
DEMAND THE BEST 
FOR THE MOST 
DEMANDING CONDITIONS. 


© Chuck O 'Rear/West Light 


Melcher builds power supplies that withstand the 
worst electrical and environmental conditions. 

All the components you need to combat extended 
temperature ranges, shock and vibration, and any 
input voltage. For more than |8 years designers 
around the globe have been specifying Melcher’s 
leading edge power conversion technology for 
locomotive, telecommunications, off-road machinery, 
process controls and medical instrumentation 
applications. A gold medal reputation that promises 
the industry’s best cost/performance ratio. 

Ask for the power supply you can ‘fit and forget’. 
Ask for Melcher. 
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To receive additional technical literature 
or to speak to an application engineer, call 


1-800-828-9712. 
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The standard of excellence. 
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BOB'S MAILBOX 


Dear Bob: 

Sure enjoyed your Spice article in 
Electronic Design. I’ve followed 
your musings for years, gosh, de- 
cades. Please don’t ever stop. There 
is another aspect of the simulation 
thing. It is a matter of philosophy, I 
guess, and it has concerned me fora 
long time: The sense of accomplish- 
ment that comes from doing some- 
thing the first time. Once you’ve 
done it, you’ve done it (how many 
endure the agony of climbing Mount 
Everest a SECOND time’). In the 
real world, this concept is intuitive, I 
think. But in the world of simula- 
tion, we confuse what we have ac- 
complished with what we have 
imagined; worse yet, what the com- 
puter has imagined! Dreams and re- 
ality mingle, and we are led astray. 

Case in point: Stirling engine de- 
velopment (one of my loves) has 
gone high tech. The talent and mon- 
ey is flowing toward the computer, 
not the lathe. We simulate, learn, 
simulate, etc. Each time we make an 
improvement it is rewarding, and 
provides the psychological boost 
needed to continue. Because it isn’t 
so rewarding to do the same thing 
again, we don’t bother to repeat in 
metal what we’ve already “built” on 
the screen. Soon the simulation er- 
rors compound until there is no way 
to distinguish dreams from reality. 

I sometimes wonder if we could 
have experienced the industrial rev- 
olution at all, if somehow the com- 
puter had already existed. It is very 
tempting to simulate a thing rather 
than constructing it. 

Simulation ain’t the same as real- 
ly doing it. Perhaps a close parallel? 
Or, to say it another way, is it possi- 
ble that the boob tube in the office 
takes us on the same sort of jour- 
neys as the boob tube at home? 


DARRYL PHILLIPS 
President 

The Airsport Corp. 
Sallisaw, Okla. 


Icouldn’t agree more. -RAP 
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Dear Bob: 

I just finished reading your column ‘‘What’s All This Spicey Stuff Any- 
how? (Part 1)” in the Nov. 22 issue and I thought I’d share my own experi- 
ences with circuit simulation and EE education with you. 

I am 33 years old, and was trained in math and computer science. Two 
years ago, I decided to pursue a Masters degree in EE at a well-known 
northeastern university. I told the boss that I was going to specialize in the 
mathy end of EE, like Control Theory, Signal Processing etc., but I hada 
hidden agenda. I wanted to learn electronics. 

It’s all worked out because I have learned electronics, but only sort of. 
You see, at this institution’s outlying campuses, where they crank out 
BSEEs and MSEKs by the score, there are no labs. I repeat, no labs. No 
breadboards, no scopes, no components, no nothing. Any design that takes 
place is on the computer using a circuit simulation program. I have suggest- 
ed to several professors that a real live lab would be very helpful, but they 
just “hurrumph” about the computer being just as good as a learning expe- 
rience. So you see, it’s not just lazy (young or otherwise) engineers copping 
out on the design process, it’s the educational system taking the path of 
least resistance. 

I have improved the situation for myself somewhat. I designed and built a 
de power supply (you’re probably saying “big deal,” but that’s pretty good 
for a mathematician!) I bought a breadboard, a selection of components, and 
a digital meter. With this setup, I can do quite a bit of experimenting on my 
own. My father, an “old tyme” electrical engineer, is so glad that his math- 
ematician son has seen the light that he’s salvaged an old scope from who 
knows where for me. I’m looking forward to its arrival. 

As far as my experiences with the circuit simulation program are con- 
cerned, I concur with your opinion. We didn’t use Spice, but some other 
Spice-like program. It was graphically oriented and very user-friendly, but 
it had the same crazy convergence problems that you describe. One project 
we had was to design an analog multiplier. Changing the quiescent current 
through the Gilbert cell ever so slightly made the difference between fast 
convergence for steady-state analysis and sitting for 15 minutes watching 
the cursor blink. Then, to add insult to injury, the case that converged for 
steady-state analysis didn’t converge for Fourier analysis. I finally was 
forced to give it up. Interestingly enough, my professor accepted “Program 
Did Not Converge” as a correct answer. 


CHRISTOPHER LENNON 
Bedford, Mass. 


Ouch! This guy’s heading in the right direction, 
but the schools aren't. -RAP 


Dear Bob: 

I feel that your most recent column (Spice, Part II) needs some comment. 
You say, “I don’t think you can beg or steal or borrow or buy a model of a 
transistor that’s guaranteed.” First, to what kind of transistor are you re- 
ferring: bipolar, JFET, MOSFET, small signal, large signal, power, micro- 
wave, discrete, integrated devices? 

Second, your statement implies that a single “transistor” model should be 
guaranteed to “run” under all conditions. Suppose I suggest that you 
should be able to design a single OP AMP that works equally well for all ap- 
plications? I suspect that you would not only laugh in my face but that you 
would think to yourself that I am a fool for having made the suggestion in 
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RCI's REAL TIME DISK FAMILY 
GIVES YOU A CHOICE 
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RCI's NEW DataSTORE family of real time disks allows you to choose the speed and 
capacity to fit your application. 
All models of the DataSTORE family, from the smallest DS 20 through the largest and 


fastest DS 323, utilize the same quality modular components which means all models are 
upward compatible and expandable. 


FEATURES 
@ Low cost @ Compact size 
@ Dotabase management software @ Low power 
@ Interfaces available to VMEbus @ Highly reliable — Uses industry 
Qbus, Unibus, PC / AT bus standard and field proven disks 
OPTIONS 
HM Removable, ruggedized canisters 
Integrated 8mm archival tape 
Mi High speed digitizers 
Networks interfacing 
 CCIR 601 / SMPTE RP 125 interface 
W@ Embedded processor 


RCI is an industry innovator in providing real time acquisition, virtual image processing, 
and high speed storage systems. 


~~ CALL OR FAX US FOR IMMEDIATE INFORMATION 
ACY Recognition Concepts, Inc. 


~ / IMAGING WITH SPEED 


341 SkiWoy P.O. Box 8510 ~—_—Incline Village, NV 89450 
1-800-2GET RC —- Phone: (702) 831-0473 ~—_—- FAX: (702) 831-8035 
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the first place. Well, to suggest that 
a single transistor model should 
“run” under all conditions is equally 
laughable. Am I hitting below the 
belt? 

Third, you seem to want to place 
the total responsibility for the suc- 
cess of the model upon that person 
who developed the model. However, 
I get the impression that you have 
no sympathy (or respect?) for a user 
of one of your op amps who misuses 
your op amp. Below the belt again? 

Fourth, you seem to believe that 
those “transistor” models which 
have been built into the circuit simu- 
lation program Spice represent the 
complete set of models from which 
one can choose. The sad truth is that 
those ‘‘transistor” models built into 
Spice represent just about the worst 
set of models from which one can 
choose. Why is that the case? Be- 
cause industry gets those models 
for free from the Univ. of Calif. at 
Berkeley as the result of student 
slave labor and typically is not will- 
ing to pay the price for truly physi- 
cal and accurate models. 

.... You suggest that you may wish 
to BUY a guaranteed transistor 
model. Well, you can. My company 
has developed and markets Spite 
(SPI Transistor Emulator), the 
world’s best CIS/SIS (MOS if you 
prefer) transistor model. The Spite 
model does employ physically mean- 
ingful parameters and parameter 
values. It also simulates, with un- 
precedented accuracy, a transistor 
which is properly used. Would you 
like to guarantee me that your op 
amp will always “run” for me no 
matter what I do to it? There just 
isn’t any point in building a lot of un- 
necessary complications into the 
model to protect the unknowledge- 
able user from himself. 

So what do you want your guaran- 
tee to say? Send mea reasonable 
specification and a purchase order 
and I will write your guarantee for 
you. 


DR. JAMES E. SMITH 
President 

Semiconductor Physics, Inc. 
Escondido, Calif. 


Luse mostly bipolars, but for 
CMOS this looks tempting! -RAP 
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Greater Range and ‘Total Abilit 
100kHz to 2GHz 


Anritsu’s new MT2605A Radio Communication 
Analyzer is all you need for comprehensive radio 
testing. This single instrument can perform 14 
separate tests in just 2 minutes. Plus, it covers the 
wide range from HF and VHF to UHE and up to 
quasi-microwave spectra. 


In fact, it’s like 10 pieces of equipment in one. 


The MT260SA is a signal generator, AF generator, 
frequency counter, power meter, modulation meter, AF 


Features 
© Frequency range: 100kHz to 2GHz 
@ Digital system testing: 
Burst measurement 
Bit error measurement (option) 
Digital modulation measurement (separate unit) 


_Anritsuz 


level meter, distortion meter, oscilloscope, DC voltme- 
ter and DC ammeter, all in one easy-to-use instrument. 


Digital test capabilities include burst measurement. 


In addition, the Personal Test Automation (PTA) 
software option even allows users to create custom 
test programs and store them on convenient Plug-in 
Memory Cards (PMC). 


® Accurate, high-stability signal generator 
Setting resolution: 10Hz (available for narrow band 
systems) 
Signal stability: <2 x 10~°® per day 


PRODUCT INNOVATION 


PRECISION-ARCHITECTURE WORKSTATIONS EXCEL AT 
COMPUTATIONAL POWER, GRAPHICS, NETWORKING, 
AND COST-EFFECTIVENESS. 


RISC PLATFORMS IRON OUT 
PRICE/PERFORMANCE KINKS 


RICHARD NASss 


hrough RISC technology, workstation manufacturers are 
able to build high-performance platforms at an affordable 
price. However, many of these platforms offer high perfor- 
mance in terms of one or more specific parameters at the 
expense of other parameters. For example, some worksta- 
tions emphasize mainly computational throughput in terms 
of MIPS, MFLOPS, ete. Others stress mostly advanced 
graphics performance. There are even those that specialize in networking. 
Few, if any, workstations excel in all three areas at prices consistent with the 
use of RISC technology. 

Hewlett-Packard pole-vaulted over these deficiencies to produce worksta- 
tions, with a RISC architecture, that offer the best of all three worlds at cost- 
effective prices. In fact, HP feels 
that its 9000 Series 700 family pos- 
sesses the best price/performance 
ratio in the industry. 

The RISC architecture in the Se- 
ries 700 platforms is called PA-RISC, 
for precision architecture. HP has 
been using the highly-scalable PA- 
RISC processors since the mid 1980s. 
For this reason, over 2000 compati- 
ble applications exist throughout 
commercial and technical markets. 
These include scientific, design auto- 
mation, mechanical CAD (MCAD), fi- 
nancial, CASE, artificial-intelli- 
gence, and data-transaction-process- 
ing applications. 

The PA-RISC architecture deliv- 
ers its high performance as a result 
of three factors: a sophisticated and 
sealable architecture, a state-of-the- 
art submicron CMOS manufactur- 
ing process, and a leading-edge com- 


— piler technology. 
1. HP’S 9000 SERIES 700 WORKSTATIONS consist of the models 720 HP placed a large emphasis on the 
(left), 730 (right), and 750 (center). The 720 and 730 are configured similarly, but the 730 chips’ manufacturing process. The 
contains a 66-MHz processor while the 720 contains a 50-MHz processor. The 750, which also © way the gates are laid out on the 
has a 66-MHz processor, has four expansion slots and up to 192 Mbytes of RAM. chips allows the clock rate to be sped 
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up without any degradation of per- 
formance. The company uses their 
internal manufacturing process to 
run the chips ata high clock rate with 
a fairly low power consumption and 
heat dissipation. 

The workstation family consists of 
three members, Models 720, 730, and 
750 (Fig. 1). The low-end 720 delivers 
more than 57 MIPS, 17 MFLOPS, 
and 55 SPECmarks of performance 
for under $12,000. HP claims these 
specifications aren’t available any- 
where else at this price. “It’s the best 
price/performance deal available 
anywhere in the workstation mar- 
ket,” states Joe Raffa, HP’s Product 
Marketing Manager for PA-RISC 
Workstations. 

The high-end 750 imparts specifi- 
cations of 76 MIPS, 22 MFLOPS, and 
72.2 SPECmarks. It’s expandability 
is evident with four available EISA 
slots. The Model 730 fills the void be- 
tween the 720 and 750. It offers the 
same performance specifications as 


64 bits 32 bits 


50 or 66 MHz 
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CPU runs at 50 or 66 MHz. The increased graphics performance 
results from coupling the CPU with the memory and I/0 
controller. The system bus connects to the graphics subsystem, the 
EISA bus, and SCSI-II, RS-232, and Ethernet ports. 
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the 750 but contains less memory and 
isn’t as expandable. It has just one 
EISA slot. 

The 720 is based on a 50-MHz mi- 
croprocessor, while the other two in- 
corporate 66-MHz processors. The 
720 and 730 come with 16 to 64 
Mbytes of RAM and up to 840 
Mbytes of internal storage capacity. 
The 750 can support up to 192 Mbytes 
of RAM and 2.6 Gbytes of internal 
storage. It also has 256 kbytes of 
cache memory, while the other two 
models contain 128 kbytes. Internal 
removable mass-storage devices are 
supported, including a CD-ROM, dig- 
ital audio tape, and a 3.5-in. floppy- 
disk drive. External storage devices 
enable the 720 and 730 to store up to 
10 Gbytes and push the 750 to 40 
Gbytes. 

All three of the Series 700 work- 
stations are compatible with the fi- 
ber distributed data interface 
(FDDI) network. This stays in line 
with HP’s belief that cooperative 
computing will 
be a major con- 
cern in the near 
future. Coopera- 
tive computing 
means distribu- 
tive and network 
computing, or 
the ability to use 
computing re- 
sources around 
the network at 
the user’s dis- 
posal in a sophis- 
ticated manner. 

All three of 
the Series 700 
platforms share 
common user in- 
terfaces: X-Win- 
dows, HP-VUE, 
and the same re- 
lease of the oper- 
ating system, 
HP-UX. Because 
the OS has exist- 
ed since the ear- 
ly 1980s, many 
applications are 
ported to it. The 
software comes 
preinstalled and 
preconfigured 
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through a feature called Instant Ig- 
nition, which helps users get their 
systems up and running as quickly 
as possible. Users just unpack the 
computer and turn it on. This feature 
has been offered for about the last 18 
months. HP also contends that the 
three systems will support OSF/1 
when it becomes available, probably 
before the end of 1991. These are the 
first HP offerings to make that 
claim. 


EISA Doss It 


HP designers also stringently ad- 
here to hardware standards. They 
chose the EISA bus partly because 
of the 33-MHz performance level it’s 
capable of attaining, and partly be- 
cause of their goal to stick to stan- 
dards. This is HP’s second family to 
incorporate the EISA bus (the Series 
400 was the first). HP previously 
used a proprietary backplane for its 
products and the ISA bus for the 
Apollo platforms, which the compa- 
ny later acquired. With the EISA 
bus, users can have access to an 
overwhelming amount of hardware 
and software. 

The workstations’ design focused 
heavily on improving floating-point 
and graphics performance and tight- 
ly integrated floating-point and inte- 
ger-processing units. Some special 
instructions were added to increase 
parallelism, such as multiple execu- 
tion of floating-point and integer in- 
structions. 

HP engineers custom-designed 
the memory and I/O controller to of- 
fer high-bandwidth access to the 
memory arrays and the system bus. 
The controller has built-in intelli- 
gence to help with certain elements 
of graphics performance, including 
the raw throughput needed to draw 
vectors as well as a number of pre- 
programmed graphics functions. 
Coupling the CPU and the memory- 
controller chips forms the basis of 
the graphics performance (Fig. 2). 
This balances system performance, 
which means that the CPU’s integer 
and floating-point operation are as 
fast as the graphics performance. As 
a result, overall application through- 
put is improved. 

The system bus offers a high- 
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OF A NEW 
GENERATION. 


A new generation of performance. Next generation compatibility. 


The new SPARCstation™2 from Sun Microsystems Because they’re SPARC chips, they’re completely 
delivers almost twice the CPU performance of previous compatible with over 2100 SPARCware™ products. They 
generations — the highest performance in its class. offer true scalability into a wide spectrum of applications. 

The reason for this And a growth path for future high-performance products. 
blazing speed: The highest- Get this level of performance, potential, and compatibil- 
performance CMOS SPARC” _ ity for your next-generation products. 
available. The CY7C601, The Cypress SPARC. 

Integer Unit ‘Floating Point Unit. +32-bit SPARC microproces- 


S sor and CY7C157 16K x 16 

Cache Storage Units from For the whole story on RISC, 
Cache Cypress Semiconductor. call the Cypress Hotline 
ed Cypress 0.8 micron CMOS at 1-800-952-6300.* 
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Cache Controller and Memory RISC microprocessor 40) P ‘ P 
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(408) 943-2600, Telex: 821032 CYPRESS SNJ UD, TWX: 910-997-0753. SPARC is a Poa 


registered trademark of SPARC International, Inc. SPARCstation and SPARCware 
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bandwidth connection to other graph- 
ics subsystems, many of which are in- 
tegrated into the workstation package. 
Its ports offer access to the EISA bus 
as well as the SCSI-IJ, Ethernet, and 
RS-232 connections. This flexible core 
technology forms the backbone of the 
Series 700 family. 

Three critical areas of graphics per- 
formance and functionality have been 
extended in the Series 700 family: 
speed, realism, and standards. The 
workstations deliver over 1 million 2D 
and 3D vectors/s. Because of the tight 
integration between the CPU and the 
graphic subsystem, the platforms 
pump out more than 30 frames/s. This 
is a necessary requirement in anima- 
tion-type applications. 

Flicker-free capabilities result 
from the systems’ 72-Hz monitor, an 
important ergonomic requirement. 
Because HP is committed to graph- 
ics standards, it adopted OSF/ Motif, 
X11 Windows, PHIGS, and GKS 
standards. 

Four different graphics subsystems 
are available with each of the three 
workstations. The one exception is that 
the low-end graphics aren’t available 
on the Model 750. The GRX subsystem 
offers 256 gray-scale planes. CRX sup- 
plies eight planes of color and is double- 
buffered. Here, the CPU can fill up an 
area of memory reserved for graphic 
images. While that image is being 
transferred to the display, a second im- 
age is sent to another reserved area of 
memory. While the second image is 
transferred, the first is updated, and so 
on. Many suppliers’ implementations 
of double buffering offer four planes, 
rather than eight. HP’s implementa- 
tion improves graphics without com- 
promising color. 

The remaining two subsystems are 
the Personal VRX (PVRX) and the 
Turbo VRX (TVRX). PVRX offers sol- 
id-rendering 3D graphics with dynamic 
shading. This is a necessary feature in 
the MCAD and MCAE markets. The 
top-of-the-line TVRX is tuned toward 
specific graphics applications in me- 
chanical engineering and scientific 
analysis. It also adds such features as 
antialiasing, alpha blending, and tex- 
ture mapping. 

Functional PC compatibility was 
also added to the Series 700 family. 
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Through software emulation, the 
workstations can run an application 
that emulates an 80386-based PC 
with VGA capabilities running at 20 
to 25 MHz. The application simulates 
the 80386 instruction set and the 
functionality that goes with the set. 
HP claims that all off-the-shelf DOS 
applications will run on the systems. 
The PC emulator is accessible 
through HP-VUE, HP’s visual user 
environment. Users can simply open 
a window to run a DOS application. 
And it can run side-by-side with a 
Unix-based application. 

The workstations can also be config- 
ured as servers for diskless worksta- 
tions and X-terminals. A graphic sub- 
system wouldn’t be required in this in- 
stance. Moreover, additional disk space 
and RAM would be included. 

The systems are housed in highly 
integrated modular packages, mak- 
ing it easy to interchange subsys- 
tems. There’s a separate handle at- 


tached to each subsystem so only 
that portion can be removed for re- 
placement or upgrading. In addition, 
the systems’ smart power supply is 
autoranging. It can be plugged in 
anywhere in the world, and will com- 
pute what the line voltage is and ad- 
just to it accordingly. 


PRICE AND AVAILABILTY 

The 9000 Series Model 720 starts at $11,990; 
with PVRX graphics and a 400-Mbyte disk 
it goes for $34,490. The 730, which has a base 
configuration with a 200-Mbyte disk, costs 
$19,990. A fully loaded 730 sells for 
$103,990. The Model 750, with a 660-Mbyte 
disk is priced at $43,190. Configured as a 
server, it costs $39,690. 

Hewlett-Packard Co. Inquiries, 19310 
Pruneridge Ave., Cupertino, CA 95014; (800) 
752-0900. CIRCLE 512 
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How VALUABLE? 
HIGHLY 


MODERATELY 
SLIGHTLY 


Free 


High Voltage — 
Relay Catalog - 


Whether your power control applications call for 48V or 
200,000V, isolation or power switching you can rely on Kilovac 
fo meet your needs. Write or call for a free 28 page catalog 
featuring Kilovac’s extensive line of relays to meet your 
power control needs. And if your requirements call for 270 Vdc 
systems ask for information on Kilovac’s line of compact and 
lightweight 270 Vdc relays/contactors and power controllers. 


Write or call today for your free catalog. Specify if interested 
in 270 Vdc applications. 


P.O. Box 4422, Santa Barbara, CA 93140 
(805) 684-4560, Fax (805) 684-9679 
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FROM NMBT — THE HIGH SPEED DRAM SPECIALIST 


FAX To: NMBT 
FROM: PESIGN ENGINEER 


the performance of your 16 
MHz and 20 MHz systems. Now you can create true zero wait- 
state 16 MHz and 20 MHz systems. Not close to zero; but true 
zero wait-state designs. Eliminate “patchwork” solutions requiring 
complex, expensive interleaving, page mode designs, or costly 
cache schemes. 


to direct memory access — and get the 
benefits of higher performance and lower cost. The perfect mid- 
life “kicker” for your current designs; stake out a strong competitive 
position for new designs. 


. .. We'll send you Free samples (up to 1MB) to 
evaluate in your designs. Just fax us your rough block diagrams 
for review — we'll be in touch ASAP! Only one qualification: It 
must be a company funded/scheduled project. 


Your free samples are available now from NMB 
— the high-speed DRAM specialists. Fax us your design sketches 
today. Or give us a call at (800) 662-8321 for further information. 


. NMB TECHNOLOGIES 
I cole 


NMB TECHNOLOGIES INCORPORATED 
9730 Independence Avenue, Chatsworth, CA 91311 
Phone: (818) 341-3355 Fax: (818) 341-8207 
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EXAR Fax/Data Combo Breaks the Barrier 


Break away from the competition 

Break through the limitations of yesterday's Fax only, Send only Fax, 
and Data only modem products. With the XR-2900 Fax/Data combo 
you can offer 9600 BPS send/receive fax with 2400 BPS data modem at 
avery competitive price. Exar has broken the cost barrier of adding 
fax capability to 2400 BPS modems. Now, why would anyone want a 
modem without fax capability? 


More features... 

Fora feature driven market the XR-2900 Fax/Data combo is supported 
with V.42bis, V.42 and MNP5 protocols, making it simply the most versatile 
and cost-effective solution on the market today. It is also fully supported 
with TR29 and 7.30 firmware. With a flexible architecture and the 
“Extended AT” command set provided by Exar, you can easily create 
your own unique modem solutions. 

Less power and space 

XR-2900 is the perfect answer for the growing Laptop and Notebook 
PC markets that have critical space and power requirements. Ever 
increasing communication needs of these products can only be met by 
combining fax and data functions. 


XR-2900 Fax/Data combo features 
V.29, V.27ter, V.21 (Ch 2) for Fax 
\V.22 bis, V.22, 212A & 103 for Data 
Low power CMOS for Laptop & Notebook PCs 
CCITT V.42bis/V.42 support 
MNP®5 for data compression in alternate mode 
DTMF generation and CPM (Call Progress Monitor) 
V.23 & V.21 
PLCC/QFP/DIP package options 


Call EXAR today at (408) 434-6400 and discuss your new generation 
modem products with us. We have the most flexible range of modem 
products, the system knowledge and the application support to assist 
you in bringing your products to the market. 


Put some muscle in your modems 


EXA A the analog pluscompany 


Analog Plus is a trademark of EXAR Corporation 


EXAR Corporation 


2222 Qume Dr., P.0. Box 49007, San Jose, CA 95161-9007 


Tel. (408) 434-6400 FAX (408) 943-8245 
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COMPUTER-AIDED ENGINEERING 


FRAMEWORK AIDS CONCURRENT ENGINEERING 
WITH CONFIGURATION MANAGEMENT Lisa Mauiviax 


esign Manager, the third of 

four components that make 

up Valid Logiec’s Valid- 

Frame framework, helps 
automate the administration of con- 
current engineering in distributed- 
design environments. It manages 
data and furnishes administration 
capabilities for design-team mem- 
bers. The tool is based on the com- 
mercial object-oriented database- 
management system from Objectivi- 
ty Inc., Mountain View, Calif. 

Entire design departments, in- 
cluding engineers, project manag- 
ers, and system and library adminis- 
trators, benefit from Design Manag- 
er. In addition to handling the large 
amounts of data generated in elec- 
tronic design, the software also 
brings administration to all design 
phases and manages the interrela- 
tionships between them. Major is- 
sues addressed by the Design Man- 
ager include: establishing organiza- 
tional structure for personnel, syn- 
chronizing the activities of designers 
and departments, distributing the 
management of design data over a 
network, administering and control- 
ling parts libraries, querying and re- 
porting on data, and assembling and 
releasing correct data and documen- 
tation for accurate manufacturing. 

Users can browse through design 
data and query the database. In addi- 
tion, dynamic configuration man- 
agement performs automatic ver- 
sion and release control, project 
tracking, work-group organization, 
and library maintenance. By sepa- 
rating application data from admin- 
istrative data, Design Manager 
doesn’t suffer severe speed trade- 
offs that can result from single-data- 
base approaches. 

A “workspace” concept adminis- 
ters the continual changes occurring 
in the design process. Workspaces 
define each user’s environment in 
terms of the tools, libraries, and ver- 
sions of data appropriate for their 
particular activities. Typically, each 
user has a private workspace and be- 
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longs to one or more shared work- 
spaces. Workspaces can be created 
in a hierarchical fashion, possibly 
simplifying design partitioning. 
They control the flow of data be- 
tween groups automatically, and co- 
ordinate the organized release of 
data as the design progresses. 

For example, in a large engineer- 
ing project that’s been partitioned 
among three teams, a shared depart- 
mental workspace lets each team 
supply its stable module versions to 
the others to facilitate system-level 
simulation and analysis. When a 
team reaches a stable point in its 
work, the team leader promotes the 
module to the shared workspace. 
Meanwhile, engineers work in their 
own workspace without affecting 
the stable version. 

Users access the dynamic configu- 
ration and distributed data-manage- 
ment capabilities through three 
main modules: the Browser, the Sys- 
tem Administrator, and the Query 
Manager and Report Generator. All 
of the modules are invoked through 
an icon-based toolbox. The Browser 
functions as the users’ window into 
design workspaces. The System Ad- 
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ministrator furnishes menus and 
forms to define workspaces and es- 
tablish the organization’s workspace 
hierarchy. Finally, the Query Man- 
ager and Report Generator defines 
searches and makes reports. 

Because the Design Manager op- 
erates transparently over heteroge- 
neous networks, users can store and 
retrieve data to and from any plat- 
form in the environment. It manages 
data from Valid tools as well as com- 
mercial and customer-developed 
tools integrated into ValidFrame. 

Library management, particular- 
ly controlled use of part libraries, is 
an important feature of the Design 
Manager. The library administrator 
can assign designers access to only 
certain approved libraries. 

The Design Manager will be ship- 
ping by the end of the year on DEC, 
IBM, and Sun workstations. Stan- 
dard Design Manager packages with 
configuration management cost 
$3500. Packages that include system 
administration and query and report 
capabilities go for $10,000. 

Valid Logic Systems Inc., 2820 
Orchard Pkwy., San Jose, CA 
95134; (408) 432-9400. CIRCLE 600 
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PC SOFTWARE IS A HANDY 
ASSISTANT TO ENGINEERS 


EEpal is a software package for engi- 
neers, designers, and technicians that 
merges many engineering activities 
into one easy-to-use program. These ac- 
tivities include on-line engineering for- 
mula reference, formula evaluation (in- 
cluding matrix evaluation), data look- 
up, simple and scientific calculator ac- 
cess, curve fitting, file editing, and the 
use of an appointment list with an 
alarm clock. Over 200 electronic engi- 
neering formulas are built into the pro- 
gram. In addition, users can add over 
500 of their own formulas. They can 
also create and store vendor lists. An 
auto-dial feature allows the lists to be 
used with a modem to serve as a phone 
directory. The software, which costs 
$479, runs on most IBM PCs and com- 
patibles as a standalone or memory- 
resident program. It requires 10 kbytes 
of RAM anda hard-disk drive. 
Eagleware, 1750 Mountain Glen, Stone 
Mountain, GA 30087; (404) 923- 
9999. 
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THERM()METRICS 


The Source of Thermistor Expertise 


IS PLEASED TO ANNOUNCE 
THE ADDITION OF 


TEMPERATURE COEFFICIENT 
THERMISTORS 


TO ITS LINE OF 
QUALITY NTC THERMISTORS 


FOR FURTHER INFORMATION 
CALL, FAX OR WRITE 


wa THERM(METRICS 


The Source of Thermistor Expertise 
808 U.S.HIGHWAY 1, EDISON, N. J. 08817 
M (908) 287-2870 FAX (908) 287-8847 


DO TOP-DOWN, 
BOTTOM-UP PLD DESIGN 


Both top-down and bottom-up design 
approaches are possible with the Ama- 
deus PLD software from Cadence. Us- 
ers can now create programmable-log- 
ic devices (PLDs) with schematics or 
hardware-description languages 
(HDLs). In addition, they can design 
with Boolean, truth-table, or state-ma- 
chine descriptions in the Abel lan- 
guage. The tool is integrated into the 
Amadeus software. It’s also linked 
with the company’s design-synthesis 
software, which lets users explore de- 
sign trade-offs early on. They can cre- 
ate designs in the Verilog HDL, and 
synthesize the designs for a PLD. Fur- 
thermore, PLDs that are described in 
Verilog or as schematics can be 
changed to ASICs without manual 
translations. Amadeus PLD, which will 
ship in May, runs on Unix worksta- 
tions. Pricing begins at $12,000. 
Cadence Design Systems Inc., 555 Riv- 
er Oaks Pkwy., San Jose, CA 95134; 
(408) 943-1234, 
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SCHEMATIC TOOL NOW HAS 
XILINX 4000 LIBRARIES 


Designers using the Schema III sche- 
matic-capture system now have the Xi- 
linx 4000 series logic cell arrays (LCAs) 
at their disposal. The interface between 
Schema II] and the Xilinx XACT design 
system includes library macros for 
2000, 3000, and 4000 series LCAs. There 
are over 200 parts in the new series 
4000 library, many being of a hierarchi- 
cal design. Without leaving the draw- 
ing sheet, Schema users may browse 
through the Xilinx libraries and re- 
trieve schematics of any part. LCA log- 
ic is graphically constructed using the 
schematic and user input. The complet- 
ed schematics are then directly ported 
to the Xilinx design system for further 
checks and compilation. Schema III 
runs on PCs and costs $495. The XACT 
interface, which includes the series 
4000 libraries, costs $250. Both tools 
are shipping now. 

Omation Inc., 801 Presidential Dr., 

Richardson, TX 75081; (800) 553- 

9119. 


Imagine a connector 
this flexible. 


So flexible you can bend it, fold it 
and still have a reliable connection. That’s the 
Elform Heat Seal Connector. No clamping or 
soldering. Just align the connector, seal with 
heat, and apply pressure. Why design around 
Outdated technology, when you can be the best 
designer you can be? For details, call 702-829-1905. 


elfornn 


P.O. Box 7362 Reno, Nevada 89510 
Fax No. 702-829-1693 
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IEEE-488 


Control any 
IEEE-488 (HP-IB, GP-IB) 
device with our cards, cables, 2, 
and software for the PC/AT/386, 

EISA, MicroChannel, and NuBus. 


MACINTOSH X-WINDOW 
OPTION EXTENDS REACH 


An improved version of the X-window 
interface for the Macintosh comput- 
ers—MacX 1.1—runs under the Macin- 
tosh operating system or A/UX, Ap- 
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grams on powerful Unix workstations 
using Gespac boards. It supports high- 
speed downloading and debugging 
with the target system over an Ether- 
net connection. One of the first boards 
to be supported by the new environ- 
ment is the GESSBS-6A 68000-based 
single-board computer. It features 2 se- 
rial ports, 256 kbytes of RAM, 2 Mbytes 
of EPROM, 20 parallel I/O lines, anda 
clock-calendar. The VxWorks tool 
package costs $2950 and is available 
now. 

Gespac Inc., 50 W. Hoover Ave., Mesa, 

AZ 85210; (602) 962-5559. 


ple’s Unix implementation. It retains § : 
on 


every function from the previous MacX 
1.0 and adds three new features: 3X 
better performance; full support for 
cut and paste of text and graphics; and 
a version 11, release 4 code base to pro- 
vide a complete, standard-conforming 
X-window system-server implementa- 
tion for Macintosh computers. Addi- 
tional features include full MultiFinder 
support for switching between X-client 
and Macintosh applications from the 
desktop; support for multiple monitors; 
and a window manager that allows X 
applications to appear in Macintosh- 
style windows on the desktop. To run 
MacX 1.1 and X11, the Macintosh must 
have 2 Mbytes of RAM, two floppy 
drives or a hard disk and one floppy 
drive, system software 6.0.4, and a net- 
work connection. X-window system 2.1 
for A/UX requires 4 Mbytes of RAM, 
an 80-Mbyte hard disk, and A/UX 2.0 or 
later version. Prices start at $295 for 
the Macintosh operating-system ver- 
sion and $349 for A/UX version. Docu- 
mentation and site licenses are also 
available. 

Apple Computer Corp., 20525 Mariani 

Ave., Cupertino, CA 95014; (408) 996- 

1010. 


SINGLE-BOARD COMPUTER 
RUNS REAL-TIME 0S 


A development tool package for Ge- 
spac’s family of G-64/96-bus-based 
board-level products works with Wind 
River System’s VxWorks real-time OS. 
This tool enables users to develop pro- 
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You get fast hardware and 
software support for all the 
popular languages. A software 
library and time saving utilities 
are included that make instrument 
control easier than ever before. 
Ask about our no risk guarantee. 


OBJECT-ORIENTED TOOL 
CATERS TO X-WINDOWS 


Xmath is an interactive, object-orient- 
ed, mathematical analysis and script- 
ing environment designed specifically 
for X-Windows. It features a spread- 
sheet-style editor for matrices, point- 
and-click annotation, on-line help, anda 
built-in source-level debugger window 
for script-based programming. 
Xmath’s object-oriented approach pro- 
duces algorithms that are optimized for 
speed and accuracy. 

Plots in many different styles can be 
generated automatically from data or 
computations, including 2D scanner 
plots, 3D surface plots, multiple X-Y 
plots, and multicurve strip charts. All 
plots can be annotated or altered inter- 
actively. Thr menu-driven OSF/Motif 
user interface makes numerical analy- 
sis easy. The tool incorporates applica- 
tion-specific engineering objects that 
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improve computing speed and accura- 
cy. Xmath is priced at $2495 for a sin- 
gle-user license and is available now. 
Discounts are available for multiple- 
copy purchases. Existing users of Ma- 
trix, can upgrade to Xmath for no 
charge. 

Integrated Systems Inc., 2500 Mission 

College Blvd., Santa Clara, CA 95054; 

(408) 980-1500. 


SOFTWARE CARRIES 
OUT DSP OPERATIONS 


Designed for engineers and scientists 
using MS-DOS-based computers, 
Spawn is a complete signal-processing 
and data-analysis software environ- 
ment. Its open architecture, flexibility, 
and built-in features quickly and easily 
produce complex custom applications. 
Spawn comes with built-in windows 
and graphical analysis tools for virtual- 
data management. It also offers object- 
oriented, open-architecture signal pro- 
cessing. The tool can be applied to simu- 
lation and analysis, as well as custom 
application development. The software 
is designed for such applications as 
data acquisition and display, post-col- 
lection data analysis, signal-processing 
simulation, algorithm testing, and ap- 
plication development on third-party 
DSP tools. Spawn is available now for 
$995. A demo disk is available from the 
company. 

Jasco Systems Ltd., 9865 W. Saanich 

Rd., Sidney, British Columbia, Cana- 

da V8L 381; (604) 656-0234. 


Free: 
Informative 


Applications help (617) 273-1818 


Capital Equipment Corp. 
Burlington, MA. 01803 
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) HMI provides complete development systems—in-circuit emulator, window 
driven source level debugger and software performance analyzer—that address all 
¢ aspects of the microprocessor system design cycle, from prototype to production: 


HMI Emulators Feature: EMULATORS 
@ Run at real-time with no wait states. 

@ Complex events and sequences for break and trigger conditions. 
@ Iwo independent 4K deep trace buffers. 

@ | psec resolution interval timer. 

@ Logic analyzer capabilities built into the emulator. 

@ 16 External Trace bits. 

Wi RS232 Interface up to 115.2K. 

@ Parallel Interface for high-speed downloading. 

@ Work with IBM PC family and UNIX based machines including SUN and Apollo. 


SOFTWARE 


HMI’s SourceGate ties it all together, so emulator features aren’t sacrificed to gain source- 
level debugging. 


HMI SourceGate® Features: 

@ Custom window configuration determined by user. 

@ Support for major C, PL/M, Pascal and ADA compilers. 
@ Source code in the trace buffers. 

@ C variable tracking. 


ANALYZERS 
Add our Performance Analysis Card to complete your development package. 


Performance Analysis Features: 

@ Real-time hardware implemented software performance analyzer. 
@ 100 nsec resolution time-stamp in trace buffer. 

@ Setup trigger conditions to start and stop analysis. 

@ View covered and not covered pieces of code. 


If you are looking for one development system that does it all, call (205) 881-6005, or write to Huntsville Microsystems Inc., 
3322 South Memorial Parkway, Huntsville, AL 35801. 


AVAILABLE EMULATORS 
: 8051 Family 
DS5000 
8096/80196 Family 
8085 


68HCII including — 64180/Z180 
Fl and D3 780 
68HCO001 


IBM is reg. T.M. International Business Machines, Inc. _ UNIX is reg. T.M., Bell Laboratories, Inc 
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Our 3-and-3 Process Could Write 
The Declaration Of Independence On 
A Matchbook. 


If you're having problems fitting eloquent concepts into — Fewer layers. Denser boards. Better products. And fine 
small packages, come to Praegitzer Industries. We are lines are just part of our design, fabrication, and 
one of the few manufacturers offering production levels A assembly services. 70 get you started, we will even 


of 3-and-3 and 5-and-5 printed circuit boards. Our rebate your prototype, NRE and tooling costs! 
fine-line processes mean smaller interconnects. VN Call 1-800-875-2522 to learn more. 


Praegitzer Industries 


The Fine Line in Printed Circuits 


1270 Monmouth Cut-Off, Dallas, Oregon 97338-9532 
CIRCLE 133 FOR LITERATURE 
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CROSS ASSEMBLER 


NEW PRODUCTS 


OPTIMIZES 8051 DESIGNS 


ffering high-speed execution 

and code-size optimization, the 

C-8051 Version 4.0 cross com- 
piler works with the Intel 8051 micro- 
controller family. The execution is cou- 
pled with the power of the full ANSI C 
language. The compiler allocates all 
global and local data statically. Func- 
tion parameters and variables are put 
on a fixed location in memory. When 
the program no longer needs a certain 
location, memory is reused by other pa- 
rameters or variables. This operation is 
performed by the linker and is trans- 
parent to the user. 

With this variable-allocation model, 
C programs can be run without stack 
operations or consuming unnecessary 
RAM. Also, by using this static scheme 
to allocate variables, function calls are 
fast and require no extra overhead. Be- 
cause each 8051 embedded design has 


its own unique requirements, C-8051 
Version 4.0 offers six different memo- 
ry models ranging from true single- 
chip designs to large bank-switched ap- 
plications. 

With 8051-specific extensions to the 
C language, such as data, idata, xdata, 


POWERFUL SPREADSHEET 
EASES WHAT-IF ANALYSIS 


hen spreadsheets come to 

mind, financial planners 

are usually expected to be 
the users. However, the powerful fea- 
tures of Microsoft’s Excel 3.0 suit it toa 
wide range of engineering what-if ana- 
lyses. The program, which is a major 
upgrade over previous releases and in- 
corporates over 100 new features, 
makes it easier to analyze data. An im- 
proved help capability also makes it 
easy for users of Lotus 1-2-3 to migrate 
to Excel 3.0. 

An added button-oriented on-screen 
toolbar speeds the use of frequently 
employed functions, such as changing 
typefaces, auto summation of a row or 
column, and best-fit to change the size 
of a column border, among others. Out- 
lining is another feature integrated 
into the spreadsheet. This feature al- 
lows large or complex worksheets to be 
collapsed or expanded so that users can 
view them at different levels of detail. 

Data consolidation is also easier— 
users can combine and summarize 
worksheets in memory or on disk, re- 
gardless of the data’s structure or for- 
mat. Live links can also be established. 
Such links make it possible for data to 
be changed within the supporting 
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worksheets. In addition, dynamic up- 
dating within the consolidated report is 
permited. 

Also part of the package is Excel 
Solver, a program developed by Front- 
line Systems Inc., Palo Alto, Calif. Solv- 
er performs multivariable goal-seeking 
linear and nonlinear optimization with 
up to 200 variables (with bounds) and 
100 constraint formulas. A single-vari- 
able goal-seek feature can also be in- 
voked by dragging a pointer on a chart. 
In addition, Pioneer Software’s Q+E 
program is included to allow the pack- 
age to integrate data from other data- 
base programs. Object linking permits 
Excel 3.0 to embed objects, such as 
charts or worksheets, into other docu- 
ments, or bring in objects from other 
documents. 

Versions of Excel 3.0, which are 
available for Microsoft Windows or 
OS/2 or for the Apple Macintosh, sell 
for $495. Purchasers of previous ver- 
sions get a discount if they upgrade. 
Delivery of the Windows version is 
from stock. 

Microsoft Corp. One Microsoft 
Way, Redmond, WA 98052-6399; 
Pete Higgins, (206) 882-8080 
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and code, users can put in variables and 
parameters wherever they’re needed, 
regardless of which memory model is 
being employed. Built-in extensions for 
bit manipulation and direct access to 
8051 registers enable efficient code 
generation. To maximize the 8051 pro- 
cessor, special keywords such as inter- 
rupt are added to make it easier to de- 
clare and write an interrupt function di- 
rectly in C language without going 
through assembly code. 

The cross-compiler is equipped witha 
DOS extender so that large programs 
can be compiled and linked, taking ad- 
vantage of up to 16 Mbytes of extended 
RAM. The PC version of the kit, with 
the compiler, a macroassembler, a link- 
er, a librarian, and manuals, costs 
$1295. The C manual includes tutorial 
examples as well as reference informa- 
tion. Other versions of the software are 
available, including those for Sun, HP, 
and DEC platforms. 

Archimedes Software Inc., 2159 
Union St., San Francisco, CA 
94123; (415) 567-4010. 
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(Standard Universal Simulator 
for Improved Engineering) 
The only 
Realtime fully automated design verifier for: 


a Multiple XILINX™, ACTEL™, ALTERA™... 
a Any logic design; memories, PLDs, etc. 
a Works directly with your present tools 

a Breadboards your design in seconds 

a Automatically reports design errors 


Call for a free Saeée Working Model 
(805) 499-6867 FAX (805) 498-7945 
Order Desk 1-800-48-SUSIE 


Suade works like a real hardware: 
you can toggle switches, move jumpers replace 
HEX and JEDEC, change IC timing parameters 
add new test vectors, etc., all without software 

compilations. 


==e,L DEC 


Automated Logic Design Company, Inc, 
3525 Old Conejo Rd. #111, Newbury Park, CA 91320 


ACTEL, ALTERA, XILINX are trademarks of their respective holders. 
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MEMORY ARRAY DRIVERS REDUCE ACCESS TIMES 


the typical propagation delay by close 
to 2/3 over conventional bipolar or 
MOS drivers. The GigaBit Logic 
10G014 memory driver handles arrays 
of dynamic or static RAMs. Its 90-mA 
output lets it handle large, distributed 


y reducing the delays getting 
into and out of an array of 
memory chips, a GaAs-based 
memory driver trims the propagation 
delay to about 3.5 ns typical. That cuts 


Full Simulator 


The full-blown simulator is an extension of 
the DEMO. You can load up to 64K of 
code and use 64K of XDATA space. You 
can program an ‘‘external environment” 
to interact with your code to simulate your 
target system. The emulator is the hard- 


tielp File DispsAlter 
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ware extension of the simulator! for( pi = arrayX, c = sizeof( array 
:’ a 75 1A 62 MOU .pi,#Oz 
7 B, #00 
WO rei Siiwalon 75 18 WO) 18,809 
The 24MHz real-time emulator has been 75 18 37 = MOV ae 
the industry standard for years. With its : R.A 


complex breakpoint logic and advanced 
trace, nobody can beat it for performance. 
Plug-in or RS-232 configuration. All 8051 
derivatives are supported! 


noHauU 


CORPORATION 
51 E. Campbell Avenue, Campbell, CA 95008 
(408) 866-1820 FAX (408) 378-7869 
Australia (02) 654 1873, Austria (0222) 38 76 38, Benelux +31 1858-16133, Canada (514) 689-5889, 
Denmark (42) 65 81 11, Finland 90-452 1255, France (01)-69 41 28 01, Great Britain 0962-73 31 40, 
Hungary 01-137 2182, Israel (03) 48 48 32, Italy (011) 771 00 10, Korea (02) 784 784 1, New Zealand 
(09) 392-464, Portugal (01) 81 50 454, Sweden, Norway (040) 92 24 25, Singapore (065) 284-6077, 


Spain (93) 217 2340, Switzerland (01) 740 41 05, Taiwan (02) 7640215, Thailand (02) 281-9596, West 
Germany 08131-25083, Yugoslavia 061-57 19 49. 
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capacitive loads. It can also be used asa 
registered, ECL-to-TTL translator or 
bus-interface circuit. 

The chip has eight latched address in- 
puts. For each pair of inputs, there’s a 
2:1 multiplexer that converts the direct 
address signals into TTL-compatible 
row and column addresses for DRAMs. 
To minimize noise and the need to 
three-state the outputs, the four out- 
puts of the 10G014 are differential and 
have open-drain structures. In addi- 
tion, clocked control logic provides 
pipelining contro] with no additional 
logic. The chip is also designed for ex- 
pansion—all of the necessary signals 
are present to permit multiple banks of 
memory chips to be addressed. 

It runs from a +5 and -5.2 or -4.5 V, 
making it compatible with 10K and 
100K ECL logic. It dissipates about 500 
mW, and can thus be housed in either a 
44-lead plastic leaded chip carrier or a 
40-pin leaded or leadless ceramic chip 
carrier. It can also be delivered as an 
unpacked die. In lots of 10,000, the plas- 
tic-housed version goes for $13.90. 
Samples are from stock. 

GigaBit Logic Inc., 1908 Oak Ter- 
race Lane, Newbury Park, CA 
91320; Daniel Rodriguez, (805) 499- 
0610 

M@ DAVE BURSKY 


GATE ARRAY MERGES 
TEST LOGIC ON CHIP 


FasTest arrays in the LFT150K series 
is the first gate-array family to use the 
CrossCheck Technology built-in test 
logic. Based on LSI Logic’s LCA100K 1- 
sm compacted arrays, they offer 
86,000 to 190,000 raw gates. With two 
levels of metal, they deliver 37,000 to 
about 80,000 usable gates and have 270 
to 410 signal pins. The chips enable the 
designer to concentrate on functionali- 
ty while transparently providing near- 
ly total-fault coverage for high-quality 
testing. Embedded test structures de- 
fined by CrossCheck supply observa- 
tion points at every node in the custom- 
er’s design. Just four dedicated pins 
are required to use the embedded test 
logic, which can easily provide 98% 
fault coverage. The LFT150K arrays 
cost about 20 to 25% more than the 
LCA100K arrays, and employ a subset 
of the LCA100K cell library that has 
been recharacterized with the embed- 
ded test logic. Prototypes will be 
shipped in the late second quarter. 

LSI Logic Corp., 1551 McCarthy Blvd., 

Milpitas, CA 95035; Dave Baillie, (408) 

433-8000. 


DCE! SS, Ok 7Gan 


CHIP SET 
COMPRESSES, 
TRANSFERS 
VIDEO DATA 


ransferring video data to com- 

puters often requires very- 

high-speed parallel or serial 
channels, due to the large quantity of 
data involved. However, with the re- 
lease of a two-chip set from Brooktree, 
real-time video-data transfers over net- 
works is now economical and practical. 
The Bt291 is the RGB-to-YCrCb com- 
pressor, while the Bt294 decompresses 
the YCrCb data back to RGB data. The 
video-net converters conform to CCIR 
601 and SMPTE RP-125 standards. 

The chips permit video sources and 
displays, such as cameras, tape decks, 
and monitors, to be connected to com- 
puters through real-time digital inter- 
faces. The Bt291 combines 8-bits each 
of red, green, and blue information to 
form 8-bit Y and 8-bit CrCb compo- 
nents. The Y data is then optionally 
low-pass filtered and multiplexed with 
the CrCb information after the CrCb 
data is decimated to 1/2 the Y data rate. 
Video timing is then inserted and the 
entire multiplexed signal is delivered 
over an 8-bit bus. The chip also has a 16- 
bit YCrCb bus through which the sig- 
nal can be mixed with digital audio or 
teletext, and three 256-word-by-8-bit 
color lookup-table-palette RAMs that 
aid gamma correction. An internal com- 
mand register permits forced-blanking 
levels of Y and CrCb data and automat- 
ic line-count transmission. 

The companion Bt294 converts the 8 
bits of multiplexed video data back into 
the 24 bits of RGB color components 
and extracts timing to reconstruct the 
horizontal and vertical blanking and 
the field outputs. Both CMOS chips op- 
erate from 5 V and come in 100-lead 
PLCCs. Samples are available and sell 
for $183 in 100-unit lots. 

Brooktree Corp. 9950 Barnes Can- 
yon Rd., San Diego, CA 92121; Tom 
Kovanic, (619) 452-7580 
M DAVE BURSKY 


MASK OPTION FOR MACH 
TRIMS COST, UPS SPEED 


AMD has just released a metal-mask 
option to its Mach family of PLDs, trim- 
ming manufacturing cost to as little as 
0.3 cents/gate. The fixed metal mask 
improves internal propagation delays, 
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ensuring that the hardwired chips de- 
liver the same or better performance 
than the EEPROM-based field-pro- 
grammable versions. The MASC option 
aims at users that consume at least 
25,000 units of a specific pattern, which 
drops the cost to about 0.8 cents/gate 
vs. about 1 cent/gate for the program- 


mable version. As volume increases to 
250,000 or more units, the price drops to 
the 0.3-cents/gate level. Shipments of 
the mask-programmed units will start 
in May. 
Advanced Micro Devices Inc., 901 
Thompson PL, Sunnyvale, CA 94088- 
3453; (408) 749-5703. 


DESIGN 
TO MARKET 


IN HALF THE TIME 


* The Latest Component Technology for Enhanced Performance 


* Combined Component Design is Easy To Integrate 


reducing Circuit Design Costs 


* Failsafe Protection for Sensing Over current, Over temperature, Under 


Voltage Lock and Short Circuit. 


* Only Inverter 


* Totally Isolated 


* Most Efficient 
Power Usage 


Using Current for Quick, Easy 
Sense IGBT Installation 
Technology 


¢ Fast Switching 


* No External 
Biasing 


* 10-20A/600V 


* One Component 
Integration 


A ontinuing investment 
for the advanced products 
of tomorrow. 


Call THE POWER LINE at 


1-800-451-1415. 


Joint Venture Corporation of Westinghouse, General Electric, and Mitsubishi Electric 


Hillis Street, Youngwood, PA 15697 
FAX 412-925-4393 
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CHIP SET FOR MCA BUS SIMPLIFIES SYSTEMS 


chip set now squeezes all of the 
basic peripheral control and 
support functions into four dif- 
ferent ICs by turning the design of an 
80486-based Micro-Channel-bus-sys- 


848DOW Series 
Combines 
Constant Delay 
of a Bessel Filter 
With The Sharp 
Attenuation of a 
Butterworth Filter. 


Features: 

* 8 pole, 6 zero linear 
phase lowpass filters 

* Digitally 
programmable 
corner frequency 

* 8 bit (256:1) tuning ratio 

* Internally latched control 
lines to store frequency 
selection data 

* Linear phase response to 
minimize phase distortion 

¢ Sharp roll-off for anti-aliasing 


X 


> 


iixelats 


filter module 


For more information, 
please call us at 
508-374-0761. 


Programmable Linear 
Phase Filters for A/D 
Prefiltering Applications 


la 


ucer 


* Plug in, ready to use, fully finished, 


* Five frequency ranges to 51.2kHz 
Other Filter Products available: 


* Elliptic * Programmable * Fixed Frequency 
* Instrumentation * Custom Designs 


tem motherboard into a simple task of 
connecting a half-dozen chips together. 
The TC85M9X1 four-chip set consists 
of a 184-lead bus-master DMA control- 
ler (TCM85M911); a 160-lead combina- 
tion data and address buffer (85M921); 


A/D 


A/D Converter 


utili 
848P8DOW 80-3 
10-2.56K HZ 


Anti —Aliasing \Filfer 


FREQUENCY 
DEVICES” 


25 Locust Street 
Haverhill, MA 01832 
(508) 374-0761 
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a 160-lead memory and bus controller 
(85M931); and a 144-lead peripheral 
support chip with timers, parallel port, 
interrupt controller and other control 
functions (85M951). 

All four chips plus an additional data 
and address buffer chip are used for a 
typical motherboard along with the 
CPU, secondary cache, BIOS ROMs, 
and the desired peripheral functions. 
To improve system performance and al- 
low simple CPU upgrades, the chip set 
employs a proprietary internal archi- 
tecture called the short-line interface 
kernel. SLIK defines a synchronous 
bus between the processor and memo- 
ry subsystem, and an asynchronous 
bridge between the CPU block and the 
MCA bus and I/O subsystem. 

The chips—developed by Micral, 
Minneapolis, Minn., an independent af- 
filiate of Groupe Bull—are an offshoot 
of a chip set developed to implement a 
MIPS RISC-based motherboard. 

Versions of the chip set are available 
for operation at either 25 or 33 MHz. In 
lots of 1000, the 25-MHz five-chip com- 
bination sells for $250. Delivery of engi- 
neering samples is from stock. 

Toshiba America Electronic Compo- 
nents Inc., 9775 Toledo Way, Irvine, 
CA 92718; (714) 455-2000. 
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PLD ENHANCEMENTS UP 
DRIVE, TRIM POWER 


A trio of programmable-logic enhance- 
ments broadens the designer’s choice 
of the ideal PLD. The first is a version 
of AMD’s 16V8 with high-current (64- 
mA) output drivers, is ideal for buses. 
Next are zero-power versions of 
AMD’s EEPROM-based 22V10 and 
16V8. Both ZPALs consume 15 pA 
maximum during standby and come in 
25- and 20-ns versions, respectively. 
The PALCE22V10Z-25 comes in 28-lead 
PLCCs and 24-pin skinny DIPs, while 
the 16V8Z-20 comes in 20-pin DIPs and 
PLCCs. Lastly, there’s the Mach 210 
with about 1800 gates, 64 programma- 
ble macrocells, and 44 pins. Military 
versions of the 210 will be ready in the 
third quarter. In 1000-unit lots, prices 
are $3.95 for the 24-pin DIP or 28-lead 
PLCC version of the 16V8HD-10; $5.90 
and $2.75 for the PALCE22V102Z-25 and 
16V8Z, respectively; and $36.90 for the 
15-ns Mach210. A 20 ns version of the 
Mach210 sells for $24.60. 

Advanced Micro Devices Inc., 901 

Thompson Place, Sunnyvale, CA 

94088-3453; (408) 749-5703. 
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WAFER-STEPPER FAMILY 
HITS 0.35-.M RESOLUTION 


High resolution and precision overlay 
across the field of 30-mm-diameter I- 
line and deep-UV lenses makes the PAS 
5500 family of wafer steppers suited 
for high-volume production of ultra- 
large-scale ICs. For the model PAS 
5500/20 I-line stepper, production reso- 
lution is better than 0.7 um. Moreover, 
the system can be upgraded with high- 
er numerical-aperture lenses for sub- 
0.5-m resolution. The PAS 5500/90 is 
the 0.35-um, deep-UV family member. 
It uses a 248-nm excimer laser source to 
achieve its high resolution. The fam- 
ily’s four systems are all built around 
an inherently stable, triangular lens 
base plate. 

ASM Lithography Inc., 2315 W. Fair- 

mont Dr., Tempe, AZ 85282; (602) 438- 

0559 


FUTUREBUS + HARDWARE 
IS FULLY METRIC 


The industry continues to move toward 
Futurebus+ as a mechanical packag- 
ing standard with the release of BICC- 
VERO’s line of hard-metric Future- 
bus+ hardware. “Hard-metric” means 
that the products are designed to pure- 
ly metric measurements as opposed to 
metric conversions of English mea- 
surements. The products include a card 
frame that conforms to IEE P1301.1 
and a hard-metric backplane that con- 
forms electrically to IEEE P896.2 and 
mechanically to IEEE P1301.1. Call for 
pricing and availability. 

BICC-VERO Electronics, 1000 Sher- 

man Ave., Hamden, CT 06514; (203) 

288-8001. GU 


CONDUCTING FIBERS 
MAKE SOLDERLESS LINKS 


An extremely high-density array of 
anisotropic conducting fibers, situated 
ina thin silicone elastomer binder-sheet 
material, suits a wide range of applica- 
tions, including solderless LSI-to-pe- 
board interconnections. The GD con- 
nector material achieves densities as 
high as 36 conducting fibers per/mm?. 
The material can carry currents as high 
as 5 A/mm?. Contact resistance is less 
than 50 mf2.. Maximum sheet size is 50 
by 250 mm and thicknesses range from 
0.2 to 1.5 mm in 1-mm increments. In 
1000-cm? quantities, the material costs 
$0.80/em?. Small quantities are deliv- 
ered from stock. 

Shin-Etsu Polymer America, 34135 

7th St, Union City, CA 94587; (415) 

475-9000. Ea 
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BNC COAX CRIMPER 
SPEEDS CONNECTIONS 


A single tool for crimping BNC connec- 
tors onto RG-58, -59, and -62 coaxial ca- 
ble is now available. The AT-330 tool 
crimps the center pin and then crimps 
the connector to the cable. The tool’s 


Rockwell 46-48 hardness dies enable it 
to deliver 50,000 crimp cycles. A ratchet 
action means consistent crimping for 
high-quality electrical connections. 
Call for pricing and delivery. 
Alpha Wire Corp., P.O. Box 711, Eliza- 
beth, NJ 07207-0711; (908) 925- 
8000. 


AMCOBILITY 


wraps It up 


If it’s electronic, Amco can package 
it. We've got enclosures for every 
size and shape, designed and built 
with a fanatical obsession for quality. 


Big claims? Yes, but we've got big 
experience: nearly a half century in 
applications as demanding as space 
probes and missile 
launchers. 


beautifully. 


AMCOBILITY also brings high 
quality and high style together. We 
make your systems look as good in 
real life as they looked on the 
drafting table. 


That wraps it up: quality, style, 
selection and service. Call for 
Amco’s Full Line catalog, with 
complete specs and loads of applica- 
em, tion information. See how 
beautifully AMCOBILITY 
can wrap up your 


™, 


enclosure needs! 


3801 North Rose Street 
Schiller Park, IL 60176-2190 
Illinois: 708-671-6670 

FAX: 708-671-9469 


AMCO Engineering Co. aii Toll Free: 1-800-833-3156 


SEE US AT THE NATIONAL DESIGN ENGINEERING SHOW, CHICAGO, IL 4/8-4/11 BOOTH 
#3539; NAB, LAS VEGAS, NV 4/15-4/18 BOOTH # 4201-4205; ELECTRO, NEW YORK, NY 


4/16-4/18 BOOTH # 2028-2030 
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Applied Computer Techniques, Inc. 
Tel. (407) 851-2525 Incorporated 1978 


Increase Your Profits 
By Advertising Your 
Consulting Services in 


RATES: 6x $125 12x $115 


For more information, contact: 


Penton Classifieds at 
(216) 696-7000, 
ext. 2520. 


Looking for 


ELECTRONICS ENGINEERS & 
ENGINEERING MANAGERS? 


More than 


165,000 


Read 


Twice Monthly 


To reach them with a 
recruitment ad in the 
Professional Opportunities 
section 


Contact: 
Penton Classifieds 
at 216-696-7000, 
ext. 2520 
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New Products/Services Presented By The Manufacturer. 
To Advertise, Call JEANIE GRIFFIN At 201/393-6080 


Noiseen 
IEC Pub. 801-2 


HIGH REPRODUCIBLE ESD TESTING. 


TC-815C 


niscuance simutaror EOS-630A 
U.S.A WATAHAN NOHARA INTERNATIONAL, INC 


TEL (800)366-3515 


NOISEKEN CIRCLE 256 


IEEE 488.2 
. Hardware for IBM PC/AT, 
Micro Channel, Sun, 


Macintosh, DEC, 
and NeXT. 


Software for DOS, 
oe UNIX, VMS, menu-driven 
and icon-driven environments. 


IEEE 488 extenders, analyzers, 
converters, analog I/O, and digital I/O. 


Call for your free IEEE catalog 


Otte A 


lOtech, Inc. * 25971 Cannon Road 


Cleveland, Ohio 44146 + (216) 439-4091 
lOTECH CIRCLE 254 


"Tango-PLD is the price /performance 
leader in logic design tools." 


Tango-PLD is a universal 
PLD design tool with 
sophisticated features 
including schematic entry 
or "C-like" language 
design options. Its 
affordable price includes 
great documentation and 
tech support and a | 
money-back 
guarantee. 


Jango 


See for yourself. Call today to order your 
free PLD design evaluation package. 


800 488-0680 


619 554-1000 # FAX: 619 554-1019 


"| regularly put this 
program through its paces. 
It's inexpensive and works 
great. I'm telling as many 
friends as I can that 
Tango-PLD is the best 
value in 


program 
mable logic 
4 " 
? design. 


John Wettroth 
Chief Engineer 


ACCEL Technologies, Inc. 
6825 Flanders Drive * San Diego, CA * 92121 ¢ USA 


Contact us for the representative nearest you 


ACCEL TECHNOLOGIES CIRCLE 252 


INTUSOFT 


Analog Circuit Simulation 
Completely Integrated CAE from $95 


IsSpice $95, the 
complete Spice 
program, runs on all 
PC's. 


IsSpice/386 $386, The fastest PC based Spice program 
available. Has virtually no circuit size limitations. 


SpiceNet $295, a schematic editor for any Spice 
simulator. Generates a complete Spice netlist. 


IntuScore $250, a graphics post processor that 
performs all the functions of a digital oscilloscope. 


PreSpice $200, extensive model libraries, Monte Carlo 


analysis, and parameter sweeping. 
Please Write or Call 
P.O. Box 6607 (21 poet 
i San Pedro,CA 30 Money 
90734-6607 Back Guarantee 
CIRCLE 265 


iceMASTER 
8051 68HC11 


Your Window 
to Emulation 
Productivity 
m@ Easy to learn & use 


lm Windowed interface - 
user configurable 


@ FAST! Download ~ 
<3 sec. typ. at 115KB 


@ Source Level debug 

™ A 4K frame trace buffer with advanced searching capabilities, 

© Hyperlinked On-line help guides you through the emulation process. 

@ Best Performance Analyzer in the industry, 

@ iceMASTER connects easily to your PC, requires no disassembly, or expansion 
slots. Works on any PC (DOS or OS/2), MicroChannel or EISA. Even laptops! 

© Supports more than 50 different 8051 family derivatives. M68HC11 support 
will be available early in 1991. 


@ Try iceMASTER tisk free! Satisfaction Guaranteed or return for a full refund!* 
lm RENTALS AVAILABLE! Ideal for consultants and researchers! 
© Call today for free demo disk and ask about a free 


8051 Macro Assembler! (800)638-2423 
VV 


4 4 a Corporation 


MetaLink Corporation P.O. Box 1329 Chandler, AZ 85244-1329 
(602) 926-0797 FAX (602/926-1198 TELEX 4998050MTLNK 


METALINK CIRCLE 272 


Here's all you have to do: 


1. Send a B/W or 4C glossy photo. 


= Include 13 lines of copy. 
(37 characters per line) 


= Write a headline of 32 characters or less. 


We do all the rest. 
No production charges. 


We also accept camera-ready art. 
Ad size 23/16” wide X 3” deep. 


| VARTA 
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END WARPAGE WITH BOARD STIFFENERS 


™@ Rigidize boards during and after assembly 
@ Prevent vibration and shock damage 

@ One-step installation requires no hardware 
@ Use as aground, or to carry up to 64 amps 


nd for Roger: rd Stiffener: 
lication Bulletin. 
Rogers Corp., 2400 S. Roosevelt St. 


Tempe, AZ 85282 602/967-0624 


BOARD STIFFENERS CIRCLE 270 


Instant 
Microcontroller 


= 


Instant C Programming 


Don't use a microprocessor, use a SmartBlock™ 
microcontroller module to build your custom 
controller. Our low cost Dynamic C™ makes 
programming a snap. 3.5 x 2.5 inch module 
includes microprocessor, memory, time/date 
clock, eeprom, watchdog, serial ports and more. 
As low as $59 in quantity. The efficiency of a 
custom design without the headaches. 


Z-World Engineering 
1340 Covell Bivd., Davis, CA 95616 USA 
Tel: (916) 753-3722 
Regular Fax: (916) 753-5141 
Automatic Fax: (916)-753-0618 


(Call from your fax, hear computer voice, use 
touchtone dial to request desired data sheets.) 


Z-WORLD ENGINEERING CIRCLE 260 


Electronic Enclosures 
Catalog on Free 
PC Diskette 


Modular electronic enclosures can be easily specified on 
any IBM compatible PC using a new, free program. 
Selections include vertical racks and slope front consoles 
for standard or EMVRFI shielded requirements. Work 
stations and instrument cabinets are also included. 

Printout can be Faxed or mailed for quotation or order. 
Equipto Electronics Corporation, 351 Woodlawn Ave., 
Aurora, IL 60506-9988, Phone: (708)897-4691, 

Fax: (708)897-5314 


EQUIPTO ELECTRONICS CIRCLE 267 


New, higher energy-density 
lithium batteries 

Varta lithium manganese-dioxide batteries are 
built with rarely used "bobbin" construction. You 
get up to 25% more energy-density than con- 
ventional LiMnO,'s. Self-discharge of less than 
1% per year. Improved back-up for many low- 
drain applications, including memory and real 
time support. Much longer life--ten years--in 
standby or storage. Ask about new lithium 
batteries in 1/4AA, 1/2AA, 2/3AA and AA sizes. 
Varta Batteries, 300 Executive Blivd., Elmsford, 
NY 10523. Tollfree: 1-800-431-2504, Ext. 270. 


4 VARTA 


CIRCLE 266 


SIMPLIFY BOARD LAYOUT 


MICRO/Q 1000 ceramic decoupling capacitors 
share board mounting holes with IC pins to 
simplify board design. Now add more active 
devices with increased density in the same 
space, or design the same package on a 
smaller board. 

Send for your free information. 

ROGERS CORPORATION 

2400 S. Roosevelt St. 

Tempe, AZ 85282. Phone: (602) 967-0624 

ROGERS CORP. CIRCLE 269 


Industrial & Lab Automation with PCs 


PC-Based 
, Universal 
’ Device Programmer 


PC-UPROG $895 

* Programs most PLDs and memories up to 40 pins 

* Menu driven device selection by P/N and 
manufacturer 

* Full screen editor for fuse maps and memory 
buffers 

* JEDEC standard vector test functions 

* New devices can be easily added by yourself 

* Self test and diagnosis for high programming 
yield 

* One year warranty and free device update 


408-293-6786 


1310 Tully Rd., #115, San Jose, CA 95122 FAX 408-293-4697 


ADVANTECH CIRCLE 255 


WE'RE BENDING THE RULES 

FOR CIRCUIT DESIGNERS 

BEND/FLEX™, the bendable circuit board material 
that's flexible enough to bend into any multi-plane 
shape. Eliminates stiffener boards, flexible hardboard 
connectors, and may reduce the cost of two - and 
three - plane interconnection systems by as much as 
30%! 


ROGERS CORP. 
COMPOSITE MATERIALS DIVISION 

One Technology Drive, Rogers, CT 06263 
BEND/FLEX™ 


CIRCLE 271 


NEW, POWERFUL, 
UNIVERSAL 


L a 
PILOT-U40 is our second generation 40-pin universal 
programmer, following the very successful and popular 
Sailor-PAL line of programmers. Programs PALs, GALs, 
PROMs, E/EPROMs, micros, AMD MACH-110, etc, etc 
28-pin and 32-pin versions also available. Industrial 
quality. $1,095 to $2.495. Satisfaction guaranteed 


408-243-7000, 800-627-2456, Fax 408-736-2503 


ADVIN SYSTEMS INC. 


1050-L E. Duane Ave., Sunnyvale, CA 94086 
ADVIN SYSTEMS CIRCLE 262 


YOUR 
AD 


HERE 


Here's all you have to do: 


m Send a B/W or 4C glossy photo. 


@ Include 13 lines of copy. 
(37 characters per line) 


g Write a headline of 32 characters or less. 


We do all the rest. 
No production charges. 


We also accept camera-ready art. 
Ad size 23/16” wide X 3” deep. 


DIRECT CONNECTION ADS 


THE MOST COMPLETE SOURCE OF 


IEEE-488 


INTERCONNECTION PRODUCTS 
CABLES 


7 families to choose from. 
Aluminum Shell or Molded 


ADAPTORS 


9 types - resolve connector 


misfit problems. 


—_ BULKHEAD __ 
—- 


SWITCH BOXES 
9 types - including stand 
alone or rack-mounted. 


MULTI-TAP BUS 
3 types - bring order 
to multiple cable 
interconnections. 


‘oe 
All these and more 


AGENTS WANTED 
1755 Osgood St., N. Andover, MA 01845 
Inquiries 508 682-6936 FAX 508 689-9484 
Toll Free Ordering 800 343-1455 


L-COM CIRCLE 257 


EAO’s NEW MODULAR ~ 


~ FLUSH MOUNT PANEL ADAPTOR AVAILABLE 


LQ SAl¥3dS 


¥ 1,283 pole: PCB mountable 
5/8” round mounting hole 


Rating: 5 A, 250 


eaon 

_EAO SWITCH CORPORATION 

RO. BOX 552, MILFORD, CT 06460. 203/877-4577 
TELEX: EAOSWITCHMFRD 964347. FAX: 203/877-3694 
EAO SWITCH CIRCLE 251 


T/A 


12 Bit A/D & D/A[PCL711S] _ $295 


@ A/D converter: 8 single-ended channels; Uses ADS74 device; Conversion time 


is less than 25ysec; Input range: +5V; Software Tri; 


it Mode only, 

D/A converter: 1 channel; 12 bit resolution; 0 to +5/10V Output iinet 

@ Digital 1/0: 16 In/Out(TTLcompatible); External Wiring Terminal Board incl. 
@ Utility Routines and Demo/Sample Programs for BASIC and Quick-BASIC. 


[12 Bit 


‘ A/D converter: 16 single ended inputs, Uses ADS74, Conversion time less 


wi 95 


than 2S5ysec; Built-in programmable pacer; Input Ranges: + 10V, +5V, +1V. 


@ D/A converter: 2 channels; 12 bit resolution; Output Range 0-5V. 
@ Digital 1/O:16In/Out(TTLcompatible); Programmable Counter/Timer (8254). 
@ DMA and interrupt capability. 7 


Fast 


tility software and sample program in BASIC. 


t $795 


© A/D converter: 16 single ended or 8 differential channels; 12 bits resolution; 
Programmable scan rate; Built-in Interrupt and DMA control circuitry. 
Conversion speed 60,000 smpls/sec (standard), 100,000 smpls/sec (opiional). 

© Input Ranges:Bipolar : + 10V, +5V, +2.SV, +1V, +0.5V; Unipolar:10,5,2,1V 

@ D/A converter: 2 channels; Resolution: 12 bits; Settling time: Susee; +5V. 

© Digital /O; EIORE TEL coenpetibee Programmable Counter/Timer (8254). 


@ Software: Utility software for 


Supported by Lal 


ASIC & QuickBASIC included. Sample prgm. 
bDAS, ASSYST, LABTECH, UnkeScope. 


6 Channel 12 bit D/A [PCL726] $495 


© Output Ranges: 0 to +5V,0to + 10V, +5V, + 10V, or sink 4-20mA. 
eh time: 70,S. Linearity: + 1/2bit. Voltage output drive capacity: + SmA. 


B&C MICROSYSTEMS CIRCLE 263 


Digital /O: 16 di 


igital input and 16 digital outputs ( compatible). 


MC/ VISA / AMEX Call today for datasheets! 


B&C MICROSYSTEMS INC. 


750 N. Pastoria Ave, Sunnyvale, CA 94086 USA 
TEL: (408)730-5511 FAX: (408)730-5521 


INDUSTRIAL TRACKBALL CONTROLS 


Complete line of precision trackballs for OEM’s. 
Compact low profile designs with optional features | 
to suit most requirements. 

* Low cost 

* High rel. non-contacting optical encoders 
* Desk-top and panel mount models 

* Industry standard output protocols 

* Custom features and designs available 
CH PRODUCTS 

970 Park Center Drive, Vista, Ca. 92083 
(619) 598-2518 Fax: (619) 598-2524 


CH PRODUCTS CIRCLE 259 


Quick, Fast Socket Conversion 


© Convert-A-Socket™ makes it a snap to convert a pro- 
duction socket to a test socket and vice-versa. 

© Complete line of male/female sockets for LCC, PLCC, PGA, 
PQFP, and DIP circuits. 

© A must if you're inserting circuits repeatedly in low 
insertion force sockets. 

© Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: 


Emulation Technology, Inc. 

2344 Walsh Ave. Santa Clara, CA 95051 

Phone: 408-982-0660 FAX: 408-982-0664 

EMULATION TECHNOLOGY CIRCLE 261 


DEVICE PROGRAMMER $695/895 


Programs EE/EPROMs, PALs, GALs, EPLDs, MICROs, BIPOLARs, PEELs. 
Software driven pin drivers. D/A generated programming voltages (8 bit DACs 
used to generate voltages from S-25V with 0.1¥ resolution for all 40 pins) 
© Upgradeable for virtually any future programmable devices up to 40 pins. 
Self subsistent operation. No additional modules or plug-in adapters required. 
SCREEN EDITOR. 


@ Includes user friendly MEMORY BUFFER FULL 


EN EI 


Commands include: Fill, Move, Insert, Delete, Search. ASCII or HEX entry. 
Friendly Menu-Driven interface. Device selection by P/N and manufacturer. 
@ Supports 8/16/32 bit data word formats. 
© Programming algorithm:Normal, Intelligent 1&1I, Quick Pulse Programming. 


Verify operation 
Functional test: 


formed at normal & worst case operating voltage 


DEC standard functional testing for logic devices. 


TTL Logic functional test for 74x/S4xx series devices. 
¢ File formats accepted: JEDEC (full), JEDEC (kernal), Straight Hex, MOS 
Technology, Motorola Hex, Intel Hex, Tektronix Hex. 
Customer support via voice line, fax & dedicated BBS. Full 1 year warranty. 


Base price $695 


MC/ VISA / AME: 


includes Interface card, cable, Memory/Micro/Bipolar library 


and 1 year free updates. $895 with additional Logic Device Library. 


Library updates can be received via floppy or Customer Support BBS. 


x Call today for datasheets! 


B&C MICROSYSTEMS INC. 


750 N. Pastoria Ave., Sunnyvale, CA 94086 USA 
TEL:(408)730-5511 FAX: (408)730-5521 


B&C MICROSYSTEMS CIRCLE 264 


ELECTRONIC DESIGN AUTHOR’S GUIDE 
Thinking of way a technical article for publication in 
Electronic Design? This 12-page brochure contains just 
about everything you need to know about the process: 
submitting the outline, tips on writing the manuscript, 
preparing the artwork, and more. 


ELECTRONIC DESIGN 


611 Route #46 West 
Hasbrouck Heights, NJ 07604 


ELECTRONIC DESIGN 


6809 SINGLE BOARD COMPUTER 


6809 MPU, 2 serial ports, 4 parallel ports, RAM, 
EPROM, real-time clock, watchdog timer, 44-pin 
4.5"X6.5" PCB. EXPANSION MODULES: RAM, 
EPROM, CMOS RAM/battery, analog /O, serial I/O, 
parallel /O, counter/timer, IEEE-488, EPROM pro- 
grammer, floppy disks, cassette, breadboard, key- 
board/display. 


WINTEK CORPORATION, 
1801 South Street. Lafayette, IN 47904-2993. 
(317) 742-8428 or (800) 742-6809 


SINGLE BOARD COMPUTER CIRCLE 258 


oe FB Telecom Solutions from Teltone 


M-993 lets you incorporate 
an R1 MF generator with a 
minimum of space, power, 
and additiona 


RI MF 


components. 
Combinations of 700, 900, 1100, 1300, 


1500, and 


1700 Hz tones 


14-pin CMOS DIP 


Meets CC 
3.58 MHz 
Single 5-v 


ITT, AT&T & Bellcore MF standards 
time base 
olt CMOS low-power supply 


1-800-426-3926 


Or: 206-487-1515 Fax: 206-487-2288 


TLELCONE’ 
INNOVATING SOLUTIONS 


In Telecom Interface Components 


Teltone Corporation, 22121-20th Avenue SE, Bothell, WA 98021 


TELTONE 


CIRCLE 253 | 


Silicon Valley Networking Conference 


The Conference on Technology and Architectures 
of Computer Networks 


Sponsored by SysTeoh Research in cosperation with Eleatronis Design (a Penton pubboation), and ACM 
April 23 - 25, 1991 ® Santa Clara Convention Center, Santa Clara, CA 
TRACK | TRACK Il 


SVNC’91 is the only Northern 

California technical conference 

dedicated to providing system 

integrators and design engineers of 

computer networks with SOLUTIONS 

to systems integration, design, and 

management problems. NETWORK MANAGEMENT 
Open management architecture; Methodology for 

More than 60 technical papers will | configuring large Networks; Security 

be presented by well known management for TCP/IP 

professionals from research 

institutions, universities, and from | INTERNETWORKING 

the networking industry worldwide. Point to multipoint; Effects of high speed 

The next two columns to the right | ridges on performance; IP routing over public 

detail some of the key topics that | SWitched networks; parallel networking 

is ll ual within session X:WINDOWS | & II 

; Font management; RISC controllers; GfW-Win- 


dows for PC platforms; advanced X-Terminal 
design; X-remote & terminal server solutions; 


** Introduction to XM ** Introduction to FDDI ** 
Richard Lassio, Hewlett Packard Mark Wolter, National Semiconductor 


Wednesday, 24th -OPENING thos and TECHNICAL SESSIONS- 
i - Keith McCloghrie, Hughes Lan S 


PHYSICAL LAYER | & Il 
Understanding twisted pair Ethernet; 
Non-buffered Ethernet controllers; Applying triple 
port DRAMs for increased performance; 
Advanced controllers 


NETWORK TEST EQUIPMENT 
Trends & issues; Monitoring & managing; 
Conduit troubleshooting 


HIGH SPEED NETWORKING - FDDI 
Traffic controller design; Network testing; 
Interoperability testing; FDDI tuning, Networking 


The conference is structured into for real time applications 


tutorial and technical sessions of Sere. ; 

two parallel tracks, hardware and PORN i Sey 

software, over three days. Lunch Thursday, 25th -OPENING KEYNOTE and TECHNICAL SESSIONS- rn 

and refreshments are provided daily. "The Invisible Network War" - Bruce Nelson ii cai 

Vendor exhibits will be open for two | "ist me : 

hours at noon on the 24th & 25th, | HIGH SPEED NETWORKING 

and for an evening reception on the | Protocol analysis for high speed; Impact of 

24th. telecommunications & high speed systems; 
Traffic statistics for more effective window 

Each day of technical sessions will | based mux; Frame Relay - overview of 


be kicked-off with a keynote networking technology, concepts & implications; 
address. ISDN; Gigabit/s system issues 


DISTRIBUTED SYSTEMS | & Il 

Transactional remote procedure calls; client- 
agentserver model for distributed processing; 
Peer-peer computing; Protocol for interactive 
remote programming; Processing using local 
operating network; 


DISTRIBUTED SYSTEMS Panel Discussion 
INTERNETWORKING II 

FOR MORE INFORMATION CONTACT: | Ethernet-FDD! router design; Multicomputer 
interconnection; Routing protocol metrics; OSPF 

KEN MAJITHIA at 408/924-3930, routing protocol 

FAX 408/997-8265, 


PHYSICAL LAYER Ill 
Parallel architecture; Bus mastering; FDDI 
concentrator design; Non-cable connectivity 


Email:majithia @calstate.bitnet NETWORK MANAGEMENT II PROTOCOLS & NETWORK APPLICATIONS 

or Development & integration of MIB; SNMP Fast, open systems interconnection protocol; 
B.V. JAGADEESH at 408/764-5169, | experimental bridged MIB development; SNMP Email integration; Hybrid image server; FAX 
Email:bvi@ESD.3com.com heterogeneous networking considerations; Object | outsourcing; Server allocation issues; DIR 


oriented agent architecture; Applying expert services & street talk 


systems to planning & management 


REGISTRATION APPLICATION FORM Please retain a copy for your records) 1 ition ‘Amount 
Tuesday, April 23, 1991 
(Select One Short Course only) Circle One: (K-Motif) (DDD ... 2... cece cece c eee eee eee eee eee $250 $. 


(Includes Short Course Handout Notes, Coffee Break Refreshments, Box Lunch, and Note Pad & Pen) 

Wednesday, Thursday, April 24, April 25, 1991 

(Technical Seetignaconly) = ste ccscicani ble Ayers ws 0-0 eee ee WR Mais by 6209 2 Oe $300 $ = 
(Includes Conference Proceedings, Coffee Break Refreshments, Box Lunches, Exhibits admission and reception, and Note Pad & Pen) 


Three Day Package: Pig a — April 23-25 


(One Short Course & Technical Sessions) Circle One: (X-Motif) (FDDI).. 1... 0. cece ee eee ee ee $350 $. 
(Includes all materials of both Short Course and Technical Sessions as described above) 
Extra Proceedings (at conference pickup $50 / if mailed $60)... 2.1... ee eee $50/$60 $. Ss 


A $25 processing fee will be charged for registrations cancelled before April 8, 19981. No refunds after April 8. 


¥% foro 10% from the total cost if registering 5 or more persons from one company with one com check. 
. cae. TOTAL ENCLOSED ** $ 


Name Telephone/FAX. 
Company. Mail Stop 
Address City. State. Zip 


Make checks payable to SysTech Research and mail with a copy of this completed form to: SysTech Research, 1248 Olive Branch Lane, San Jose, CA 95120 


de to 2000 MHz 
amplifierseries 


SPECIFICATIONS Unbelievable, until now...tiny monolithic wide- 
MODEL FREQ. GAIN, dB *MAX. NE PRICE $ band amplifiers for as low as 99 cents. These rugged 
i ieee x. CS UU] 0.085 in.diam. plastic-packaged units are 500hm* 

MAR-1 DC-1000 185 155 — 130 0 50 099 (100) input/output impedance, unconditionally stable 
MAR-2 00-2000 19 125 11 85 +3 65 1.60 (265) regardless of load*, and easily cascadable. Models 
MAR- - 1 125 10. i + 6.0 1.70 ‘ seas F 
eee tee, ee ae ano te in the MAR-series offer up to 33 dB gain, 0 to 
MAR-6 DC-2000 20 16 11 9 0 28 1.29 (25) +11dBm output, noise figure as low as 2.8dB, 
MAR-7 DC-2000 135 125 105 8&5 +3 5.0 1.90 (25) and up to DC-2000MHz bandwidth. 
MAR-8 0C-1000 3323 = io +10 35 220 (25) *MAR:8, Input/Output Impedance is not 50ohms, see data sheet 
NOTE: Minimum gain at highest frequency point and over full temperature range. Stable for source /load impedance VSWR less than 3:1 

@ 1dB Gain Compression . Pi ae a " ‘ 

0 +4dBm 1 to 2 GHz Also, for your design convenience, Mini-Circuits 

H if; H offers chip coupling capacitors at 12 cents each.t 
designers amplifier kit, DAK-2 = °'’S “nlp Couping cap 
aa ize Tolerance Paice Value 
I aracteristic 
fs) of each model, total 35 amplifiers eens 5% NPO 10, 22, 47, 68, 100, 220, 470, 680, 1000 pf 
80 x 50 10% X7R 2200, 4700, 6800, 10,000 pf 
only $59.95 120 x 60 10% X7R 022, .047. .068, 1p 


aT Minimum Order 50 per Value 


Vee? 
-— 
raot , QO Designers kit, KCAP-1, 
e a 50 pieces of each capacitor value, only $99.95 
neff {eo 
2 


finding new ways . 
setting higher standards 


[__ Mini-Circuits 


A Division of Scientific Components Corporation 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


C113-Rev. D 


12 BIT A/D+ 


SchMUX + S/H + 4wire I/O + 13s + 10A Shutdown 


New LIC 1290 A to D 
System on a Chip. 

Linear Technology presents 
the LTC290,,the new standard in 
serial 12-bit data acquisition solu- 
tions. With exceptionally stable 
accuracy Over temperature, the 
LTC1290 includes an 8-channel 
MUX, S/H, and ADC all in one low 
power CMOS design. Normal power 
consumption is a mere 25mW, 
and its design includes a software 
selectable shut down that reduces 
consumption to microwatt levels. 

And the LTC1290 is pin 
and function compatible with the 
LTC1090. That means that you 
can upgrade from 10-bit to 12-bit 
resolution and accuracy with a simple 
part change and little or no soft- 
ware modifications. 

The LTC1290’s efficient serial 
1/O allows easy interface to virtually 
any microprocessor and is ideal 


12 BITS 
BUILT-IN S/H 
8-CHAN MUX 


SINGLE +5V 
SUPPLY 


4-WIRE INTERFACE 
LOW POWER* 


CONVERSION TIME 


YES 
NO 
NO 


NO 
NO 


POWER 
SHUT DOWN 


UNIPOLAR/ 
BIPOLAR INPUTS 


DIFFERENTIAL/ 
SINGLE ENDED 
INPUTS 


| PRICE/100 


*S0yW in shutdown 


applications. The 50kHz throughput 
rate and S/H acquisition time of 
less than 1 microsecond make digi- 
tizing higher frequency waveforms 
easy. Software configurability of 
the MUX and analog to digital 
converter provide unmatched func- 
tional flexibility. The LT'C1290 
operates from either a single +5V 
supply for 0 to 5V inputs or +5V 
supplies for —5V to +5V inputs and 
is available in 20 pin skinny DIP 

or SO packages. 

Pricing for the LTC1290 com- 
mercial grade plastic device starts 
at $15.95 in 100’s. Take a hard look at 
the new LTC1290. We think you'll 
agree, it’s the high performance 
12-bit ADC solution to your data 
acquisition needs. 

For additional information, 
contact Linear Technology 
Corporation, 1630 McCarthy Blvd., 
Milpitas, CA 95035. Or call 


for remote or electrically isolated 800-637-5545. 
TECHNOLOGY 
TOUGat \icts 
FOR TO SATIONS. CIRCLE 136 


